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SUMMARY
Vertical transmission of Aujeszky's Disease virus (ADV) was studied in 
pigs with two British strains. The strains used were both isolated 
from an outbreak of disease in Yorkshire. In vivo experiments invol­
ving intranasal infection of 10-week old pigs revealed that one strain 
was highly virulent (Leeds-1) while the other was of low virulence 
(Leeds-2).
Both experimental and natural infections were evaluated by the clinical 
response and by the detection of specific immune responses. The tech­
niques used included class-specific ELISA tests, lymphocyte transfor­
mation and antibody-dependent cellular cytotoxicity.
Twelve pregnant sows were infected intranasally at 85+1 days of ges­
tation. Evidence of transplacental infection was found in only one of 
the ten surviving sows. The litter consisted of 8 mummified fetuses. 
ADV antigens were detected in liver sections with fluorescent anti­
bodies. In contrast the incidence of perinatal infection was high. 
Colostrum-deprived piglets born to infected sows developed antibodies 
to the virus, providing evidence that they were infected at birth.
All naturally-reared piglets, were sero-positive after ingestion of 
colostrum from their dams. Litters born to sows infected with the 
low virulence strain were poorly protected and succumbed to the infec­
tion, whereas no postnatal mortality was recorded among the litters 
born to sows infected with the high virulence strain, which induced 
high levels of colostral immunity. This emphasised the importance of 
maternal protection in the natural disease and brings into considera­
tion the possibility that such low-virulence strains, which do not 
evoke clinical disease in mature animals, may be important as the cause 
of outbreaks of disease in breeding herds.
In vitro studies of strain characteristics revealed that sensitivity to 
trypsin or to heat did not correlate with the virulence of the strains. 
Studies of the replication of the viruses in the pig alveolar macro­
phages, however, showed between-strain differences which correlated 
with their virulence for pigs. The Leeds-1 and Leeds-2 strains were 
also clearly differentiated by restriction enzyme analysis of their 
DNA.
(i)
ACKNOWLEDGEMENTS
This work was done at the Central Veterinary Laboratory (C.V.L.) 
Weybridge and I wish to express my gratitude to Dr. D. Roberts head 
of Virology Department and the Directorate of the CVL for giving me 
this opportunity. .
My sincere thanks to my supervisor Mr. J. Harkness for his help while 
doing the experimental work and in the task of writing it down. Also 
to my external supervisor Dr. M. Butler for his encourage and criti­
cism throughout the studies and his help in the accomplishment of 
this thesis. i
My thanks to Dr. A Wrathall for his help and comments on my work, and 
also to my wife for her help with the histopathological examinations.
It is with pleasure that I thank the. valuable technical assistance 
of Miss J. Sands in the virus isolation and virus stock production 
work, Mr. P Jones in the statistical analyses, Mr. M. Banks in the 
restriction endonucleases DNA analyses and Miss D. Wells in the 
X-ray examination of specimens.
I am particularly grateful to the senior staff and all the many 
friends of the Virology department with whom I had pleasant and 
fruitful discussions.
Finally I would like to thank Mrs J. Cox for her efficiency typing 
the manuscript.
G. Iglesias
C.V.L. Weybridge, 
February 1985
The grant BC-35710 from CONACYT* which covered the University fee and 
three years of my staying in this country is gratefully acknowledged. 
* National Council of Science and Technology (Mexico).
(ii)
To my family
with appreciation
A mi familia
Papa, Mama, Margarita y
Yayo, Tita y Trevor.
Luis
en agradecimiento a su 
comprension y carino
(ill)
CONTENTS Page
I. INTRODUCTION 1
II. REVIEW OF THE LITERATURE 4
1. Description of the disease 4
1.2 Historical considerations 4
1.3 Geographical distribution 6
1.4 Strategies of control 7
1.5 Epidemiology 7
2. Characteristics of the aetiological agent 9
2.1 Taxonomy 9
2.2 Morphology 10
2.3 Virus structure 10
2.4 Effects of physical and chemical agents on ADV 12
2.5 Virus culture 16
2.6 Virus replication 17
3. Strain differentiation in ADV 18
3.1 Methods used for the characterization of ADV strains 21
3.1.1 Laboratory animals inoculation 21
3.1.2 Trypsin and heat sensitivity 22
3.1.3 Other biological properties used for strain
identification 24
3.2 DNA analysis 25
3.2.1 Restriction endonuclease analysis 26
3.2.2 Differentiation of ADV strains by restriction
enzyme analysis of their DNAs 28
3.2.3 The use of the DNA analysis technique in
epidemiological studies 29
3.2.4 Stability of viral DNA electrophoretic profiles
in vitro and in vivo
(iv)
31
3.2.5 The relationship between viral DNA restriction
pattern and virulence 33
4. Pathogenesis of Aujeszky*s disease in pigs 36
4.1 Route of entry 36
4.2 Virus distribution 36
4.3 Histopathological lesions 38
4.4 Consequences of the infection 41
4.5 Course of the disease 4 3
4.6 Differential diagnosis 44
5. The immune response to ADV infection in pigs 45
5.1 Antigenic components of ADV 46
5.2 Humoral response 47
5.3 Serological tests 49
5.4 Cell-mediated immune response 52
5.5 Tests used for the detection of CMI 55
6. Latency in ADV infected pigs 57
7. The sow as the source of infection 62
7.1.1 Gestational age at infection 63
7.1.2 Virulence of the virus strain 64
7.2 Congenital infection 67
7.2.1 Immunological tolerance 67
7.2.2 Ontogeny of the immune response in the pig 68
7.2.3 Congenital infection in Swine Fever 70
7.2.4 Congenital infection in Porcine Parvovirus infection 72
7.2.5 Congenital infection with ADV 73
7.3 Infection in the newborn animal 74
7.3.1 The immunologic significance of colostro against
ADV infection 75
(v)
m .  DEVELOPMENT OF METHODS FOR THE STUDY OF THE 
IMMUNE RESPONSE TO AUJESZKY* S DISEASE
VIRUS INFECTION 79
Materials and methods:-
1. Experimental animals (part 1) . 79
2. Experimental animals (part 2) 80
3. Serum neutralization test 80
4. Enzyme-linked immunosorbent assay (ELISA) for
the detection of anti-ADV IgM and anti-ADV IgG 81
5. Lymphocytes transformation 85
6* Antibody dependent cellular cytotoxicity 87
-Results 89
-Discussion 95
-Conclusions 101
IV. ISOLATION OF ADV STRAINS LEEDS-1 and
LEEDS-2 FROM NATURALLY INFECTED PIGS 114
Materials and methods:-
-Experimental animals 116
-Virus isolation 117
-F.A.T. procedure 117
-Virus propagation and cloning procedures 118
-Stock production 119
Results 120
Discussion 124
V. IN VIVO STUDIES ON THE VIRULENCE OF
THE LEEDS-1 AND LEEDS-2 STRAINS OF ADV 130
Materials and methods:-
-Experimental animals 132
-Experimental design 133
-Virus inoculum and infection 133
(vi)
-Bleeding and sampling procedures 134
-Immune response 134
Results 135
Discussion 139
VI. TRANSPLACENTAL OR EARLY INFECTION
WITH ADV 157
Materials and methods:-
-Experimental design 159
-Animals and accomodation 160
-Viral inocula and inoculation 160
-Hysterectomy procedure 160
-Procedure for sows with farrowed normally 161
-Artificial rearing of piglets 162
-Virus Isolation 162
-Fluorescent antibody test 163
-Cell mediated immunity studies 164
-Lymphocyte transformation test 165
-Humoral immunity studies 166
Results 166
Discussion 195
VII. IN VITRO STUDIES OF THE ADV STRAINS
LEEDS-1 AND LEEDS-2 203
Materials and Methods:-
1.1 Culture medium, diluents and buffers 206
1.2 Viruses 206
1.3 Assay for virus infectivity 207
2. Heat sensitivity test 207
3. Trypsin sensitivity test 208
4. Virus replication in macrophages 209
(vii)
4.1 Cells collection and culture 209
4.2 Macrophages infection 210
4.3 Virus antigen detection in infected macrophages 212
4.4 Virus-induced cell damage 212
5. DNA Analysis 213
5.1 Enzymes, buffers and reagents 213
5.2 DNA Extraction 2\k
5.3 Restriction endonucleases digestion and electrophoresis 215
Results 216
Discussion 223
VIII GENERAL DISCUSSION AND CONCLUSIONS
Transplacental and neonatal infection 249
The experimental virus strains 253
Studies on the virulence of Leeds-1 and Leeds-2 
strains 259
Conclusions and final remarks 262
Appendix Section A (Additional tables) 265
Appendix section B (Media and reagents) 291
REFERENCES 293
(viii)
INDEX OF FIGURES
Fig. No. Contents .
2.1 Electron micrograph of ADV-infected Vero 
cells displaying the virus morphology
2.2 Diagrammatic representation of herpesviruses 
genomes (Class 2 and Class 3)
2.3 Cleavage points of the restriction endonu­
cleases Bam HI and Kpnl in the ADV genome
3.1 - Decrease of anti-IgG ELISA values with
increasing sera dilutions
3.2 Decreasing of anti-IgM ELISA values with 
increasing sera dilutions
3.3 SNT titres and ELISA values in experimentally 
infected pigs
3.4 Lymphocyte transformation with cells from two 
experimentally infected pigs
3.5 SNT titres and ELISA values of pigs 389 and 
391 after experimental infection
3.6 Mean values of ADCC with increasing sera dilutions
3.7 Mean values of ADCC with decreasing effector :
target cells ratios
3.8 Comparative efficiency of purified cell-populations
as effector cells in ADCC
3.9 ADCC values with samples from two experimentally 
infected pigs using two sera dilutions
4.1 Diagrammatic representation of the detection 
of two clones of ADV
4.2 PEK cells showing two different types of CPE
4.3 Electron micrograph of ADV virions
(ix)
Page
11
27
34
105
106
107
108
109
110
111
112
113
123
125
126
5.1 Rectal temperature of pigs experimentally
infected with ADV Leeds-1 and Leeds-2 145
5.2 Comparative diagram of clinical signs of pigs
intranasally infected with ADV Leeds-1 strain 146
5.3 Rectal temperatures of In-contact exposed pigs 147
5.4 Photo micrograph showing encephalitis 148
5.5 Photo micrograph showing congestion and PVC in
cerebrum 149
5.6 Photo micrograph showing encephalitis and
meningitis in cerebellum 150
6.1 Comparative diagram of frequency distribution
of body-weight in piglets born to infected sows 186
6.2 Mummified fetus found in the uterus of sow 676 187
6.3 Mummified fetuses delivered by sow 602 188
6.4 Mummified fetus delivered by sow 602 189
6.5 Decrease of maternal antibodies in the litter
born to sow 501 190
6.6 Decrease of maternal antibodies in the litter
born to sow 2383 191
6.7 SNT titres of four litters born to sows
naturally infected with ADV 192
6.8 Decay-rate line of SNT titres in four litters
born to naturally infected sows 193
6.9 Decrease of maternal antibodies measured by SNT
and specific class ELISA 194
7.1 ADV surival at 48°C 237
7.2 ADV survival after treatment with trypsin 238
7.3 ADV replication in macrophages infected at 0.1 MOI 239
(x)
7.4 ADV replication in macrophages infected at
0.025 MOI
7.5 Replication of ADV Leeds-1 and Leeds-2 strains in
macrophages
7.6 Replication of ADV Stanley and NIA-4 strains 
in macrophages
7.7 ADV antigens detection in infected macrophages 
by fluorescent antibodies
7.8 Photo micrograph of alveolar macrophages infected 
with ADV Leeds-1 strain
7.9 Photo micrograph of macrophages infected with 
ADV Leeds-2 strain
7.10 Electrophoretic profiles of DNA of four strains
of ADV after treatment with Pstl ,
7.11 Electrophoretic profiles of DNA of four strains
of ADV after treatment with Bam HI
7.12 Electrophoretic profiles of DNA of four strains
of ADV after treatment with Kpn I
8.1 Diagrammatic presentation of the possible
outcomes of ADV infection in pregnant swine
240
241
242
243
244
245
246
247
248 
264
(xi)
INDEX OF TABLES
Table Contents
2.1 ADV isolation from experimentally infected 
pigs. (After Donaldson et al. 1983)
3.1 Stimulation index values in the lymphocyte 
transformation test with cells from non­
infected pigs
3.2 ADCC values in sera samples treated with 
2-Mercaptoethanol
4.1 ADV isolation in colostrum-deprived piglets 
born to naturally infected sows
5.1 Clinical signs of pigs infected with ADV 
strain Leeds-1 or Leeds-2
5.2 ADV isolation from nasal or pharyngeal exudates 
collected from experimentally infected pigs
5.3 SNT titres in experimentally infected pigs
5.4 Lymphocyte transformation tests performed with
cells collected from experimentally infected pigs
5.5 ADV isolation from organs collected during 
post-mortem examination of pigs which died of ADV 
infection
5.6 Microscopic lesions observed in tissues 
collected from pigs which died of ADV infection
6.1 Infection dose and duration of clinical signs 
in sows experimentally infected with ADV
6.2 SNT titres in experimentally infected sows
6.3 Lymphocyte transformation tests performed
with cells from experimentally infected sows
Page
42
103
104 
121
151
152
153
154
155
156
175
176
177
(xii)
6.4 Characteristics of litters born at term to 
sows experimentally infected with ADV
6.5 ADV isolation from tissues collected from:
A - Hysterectomy-derived, colostrum-deprived pigs 
B - Naturally-farrowed, colostrum-deprived pigs 
C - Piglets obtained before term 
D - Piglets born to infected sows and naturhlly- 
reared which died within the first 21 days 
of life
6.6 Lymphocyte transformation test with cells 
from piglets born to ADV-seronegative sow
6.7 Lymphocytes transformation test with cells 
from hysterectomy-derived, colostrum-deprived 
piglets born to infected sows.
6.8 SNT titres and ELISA results in blood samples 
from colostrum-deprived pigs
6.9 Serum-neutralization titres in litters born 
to ADV infected sows (Average litter-titre)
7.1 ADV survival at 48°C
7.2 Determination of trypsin concentration required 
for inactivation of ADV
7.3 ADV survival after treatment with trypsin
7.4 Replication of ADV in macrophages infected 
at 5 MOI
7.5 Replication of ADV in macrophages infected at
0.1 MOI
7.6 Replication of ADV in pig,aveolar macrophages
7.7 Detection of ADV in infected macrophages by 
fluorescent antibody
7.8 Cytopathic changes in ADV infected macrophages
(xiii)
178
179
180 
181
181
182
183
184
185
229
230
231
232
233
234
235
236
ADDITIONAL TABLES (Appendix Sec A)
3.1 IgG ELISA values in seronegative animals
3.2 IgM ELISA values in seronegative animals
3.3 Evaluation of the humoral response in pigs
intranasally infected with ADV
3.4 Lymphocyte transformation tests (Antigen
concentration and incubation time determination
3.5 Evaluation of the humoral immune response in
pigs experimentally infected with ADV
3.6 ADCC values in experimentally infected pigs 
after different times of incubation
3.7 ADCC values at several sera dilutions
3.8 ADCC values at different effector : target 
cells ratios
3.9 ADCC values with different effector cells
3.10 ADCC Values in seronegative animals
3.11 ADCC values in experimentally infected pigs
6.1 Characteristics of the litter born to sow 
No. 2931 and ADV isolation results
6.2 Characteristics of the litter born to sow 
No. 2539 and ADV isolation results
6.3 ADV isolation attempts from the litter born 
to sow No. 2383
6.4 Characteristics of the litter born to sow 
No. 676 and ADV isolation results
6.5 ADV isolation attempts from the fetuses 
collected before term from sow No. 927
6.6 Characteristics of the litter born to sow 
No. 501 and ADV isolation results
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280 
281
(xiv)
6.7 Characteristics of the mummified fetuses delivered
by sow No. 602. FAT and ADV isolation results 282
6.8 ADV isolation attempts from the litter born to
sow No. 706 283
6.9 ADV isolation attempts from the fetuses
collected before term from sow 806 284
6.10 ADV isolation attempts from the fetuses
collected before term from the sow 183 285
6.11 Characteristics of the litter born to sow
No. 468 and ADV isolation results 286
6.12 Characteristics of the litter born to sow
No. 450 and ADV isolation results 287
6.13 ADV-antigen detection in piglets born to
infected sows by fluorescent antibodies 288
6.14 Lymphocyte transformation test performed with
colostrum mononuclear cells 289
6.15 SNT titres in litters born to naturally
infected sows 290
(xv)
I. INTRODUCTION
Infection of pigs with Suid herpesvirus 1, also known as "Aukeszky's 
disease" or "Pseudorabies" results in an acute disease which affects 
the central nervous system. The disease is characterized by high 
rates of morbidity and mortality in young pigs and reproductive 
problems in breeding sows, including abortions and fetal mummifi­
cation.
Although it is not a recently discovered infection, the incidence of 
the disease has increased over the last fifteen years in all the pig 
producing countries in Europe, America and Asia probably due to the 
increase in size and sophisticated management of pig herds. Since 
the disease affects pigs of all ages, damaging both reproductive
performance and pig meat production, it has great importance from the
/
economic point of view (Gustafson 1981). It is in the densely popu­
lated, large intensive herds that the economic effects of the disease
/
can be devastating (Muirhead 1983).
Vaccination is the best method of preventing heavy economic losses to 
the pig industry in countries where the disease is endemic and this 
has been therefore the subject of a considerable amount of research 
work in the last few years, resulting in the development of several 
types of vaccines. It is known, however, that vaccination does not 
prevent replication of field virus in vaccinated stock and spread of 
virus from vaccinated to susceptible animals.
As in many other infections caused by herpesviruses, latent infec­
tion can be established and the infected animal becomes a carrier of 
the virus and is potentially a source of infection all its life.
1
The best way of controlling the effects of the disease is to esta­
blish a virus-free population; for thfs, the means of transmission 
within herds and between herds need to be fully elucidated.
Horizontal transmission, resulting from direct contact between 
infected and susceptible animals has been extensively studied, and is 
regarded as the commonest way by which the infection is introduced 
into a herd. Recently, airborne transmission of virus was experi­
mentally demonstrated and it seems possible that this too may be a 
means of spread at least on rare occasions.
However one of the most efficient mechanisms by which the micro­
organisms perpetuate themselves within a population is undoubtedly by 
the transmission of the infection from the parents to the offspring. 
This process is known as Vertical Transmission.
A better understanding of the mechanisms of vertical transmission 
would improve the possibilities of success in control programmes 
which do not include slaughter of breeding stock. This is parti­
cularly relevant where programmes are being carried out in large
breeding herds in countries where the disease is endemic, such as
; / - 
Northern Ireland (McCracken et al• 1984).
Since 1962, it has been known that the transplacental infection may
/
occur in this disease (Csontos et at. 1962). At that time, the study 
of in-utero infections was more concerned with the possible terato­
genic effects of the infecting agent, and experiments to investigate 
this aspect yielded negative results (Gustafson et at. 1969). Renewed 
interest in transplacental infection came with the demonstration that 
sows infected with Swine Fever Virus during pregnancy sometimes
k/
produced infected and infectious piglets (Van Oirschot, 1979a). The 
occurrance of whole litter of piglets infected with Aujeszkyfs disease
virus was not unknown because it had already been reported that 
piglets acquired the infection with their dams' milk (Kojnok,
1957). Providing the sow had been vaccinated or had suffered infec­
tion previously the piglets were protected by the immune elements
/
present in colostrum (Kojnok, 1965). The fact that passively 
acquired antibody did not stop virus replication and shedding of 
infectious virus, taken together with the knowledge of latency of 
herpesviruses in infected animals, made it clear that if the trans­
placental infection resulted in liveborn infected piglets, these 
piglets would be virus-carriers and potential excretors all their
I
life.
The primary objective of this study was to ascertain whether trans­
placental or neonatal infection with British strains of AD virus 
might be a way in which virus persists, either through the establish­
ment of virus carriers after transplacental infection or after peri­
natal infection. The study of postnatal infections required consi­
deration of the protective role of immune colostrum. It was decided 
therefore to study early infection in piglets with and without anti­
body. Another objective of this study was the development of methods 
for detection of immune responses stimulated by the virus. Neither 
virus isolation nor clinical signs are reliable tools for identifi­
cation of virus carriers in this disease.
The isolation of two British strains of AD virus from a single out­
break of disease was an interesting and important early finding.
Since the differences between the strains appeared to be related to 
their epidemiological behaviour, some of the biological characteris­
tics of the isolates were compared in-vitro with two other well 
characterized ADV strains. The isolates were also compared in vivo•
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II. REVIEW OF THE LITERATURE
1. DESCRIPTION OF THE DISEASE
Suid herpesvirus 1 infection in pigs also known as; "Aujeszky's disease" 
"Pseudorabies", "Mad-itch" and "Infectious Bulbar Paralysis" is an acute 
and commonly fatal condition of domestic and wild animals. The pig is 
the natural host and reservoir of the virus and in this species the
disease is characterized by nervous disorders such as inco-ordination,
/
paralysis, excitability, severe muscular twitching, excessive salivation 
loss of voice, dog-sitting position (posterior paralysis) or recumbent 
position and paddling movements or some degree of opisthotonus can be 
seen when lying down. Scouring and vomiting often occur and respiratory 
distress may also be seen.
s *
The severity of the disease decreases with age and the heaviest losses
for the pig industry are therefore in the younger age groups. Death
with or without clinical symptoms in young piglets and reproductive
disorders like abortions or farrowing of mummified fetuses in mature
swine are the main features.
The natural infection also occurs in cattle, sheep, goat, cat, dog, fox, 
mice, rats, coyote, rabbit and raccoon. In these species the disease 
usually'runs a fatal course and the main symptom is an intense pruritus. 
The disease has been experimentally reproduced in a number of species
such as; guinea-pigs, ferrets, jackal, opossum, porcupine, chicken,
y
goose, duck, pigeon and others (Gustafson, 1981). The pig is the only 
species which may recover after a generalized infection.
1.2 Historical considerations
Aladar Aujeszky, a Hungarian physician and veterinarian published in 
1902 the first report of Suid Herpesvirus 1 infection. He investi-
gated a fatal case in a cow and later cases in a dog and a cat. Using
material from -the brain of these animals he reproduced the disease in
rabbits and guinea-pigs (Baskerville et at 1973), Later another 
A /
^Hungarian scientist Schmiedhoffer showed that the aetiological agent
was a virus because it was not trapped into a bacterial filter: The
disease in pigs was first described by Ratz in 1913 (Kojnok, 1975).
The clinical signs occasionally seen in cattle and pigs affected with 
as curious
the diseased drooling of saliva andijnasticatory movements.resulted in/
inappropriate comparison of the condition with rabies and led to the 
use of the term "Pseudorabies", Although nowadays it is absolutely 
clear that it is an entirely different condition the name, Pseudorabies 
is still widely used. The other name, "Aujeszky’s disease" is equally 
not very appropriate for the infection in pigs because the disease 
which A. Aujeszky described was in cattle. The Mad-itch denomination 
is derived from the intense pruritus which characterise the infection 
in cattle; the detailed description of such condition in the early 
literature helped the retrospective studies carried out by Shope (1931) 
to conclude that the epizootic disease seen in Ohio, USA in 1813 
characterised by intense pruritus in affected cattle was Aujeszky’s 
disease. Marek in 1904 called the disease "Infectious Bulbar
Paralysis" because in rabbits the medullary centers are very suscep-
■ (
tible to the virus and under certain conditions, only the medulla 
appears to be affected. However in other animals (swine among others) 
there is no particular susceptibility of the medulla to pseudorabies 
virus and the name Infectious bulbar paralysis is not a particularly
y .
apt description of the disease (Kaplan, 1969). Aujeszky’s disease 
virus (ADV) infection, is the name to be used in this review. Traub
V '
(1933) was the first who reported a successful method for the in vitro 
replication of the virus; He used, chick embryo, rabbit kidney and
5
i.r"
guinea-pig testis tissue and pointed out the formation of cytopathic 
effect. Reagan et at, (1952) demonstrated the elementary particles 
of the virus by means of the electron microscope. In 1953 Scherer 
found that the virus replicated well in cell lines and in the following
years the virus was affiliated to the Herpes group (Kaplan and Vatxer,
/
1959).
1.3 Geographical Distribution
Aujeszky's disease virus infection in domestic animals is a worldwide 
problem, the disease has been detected in practically all the pig
producing countries, some of the very few exceptions are: Australia,
/
Canada and Scotland (Cartwright, 1980). The areas with the highest
prevalence of the disease are East, Central and V\4st Europe with the
exception of Norway, Finland, Austria and Malta* - In America;
p.reiiaUwee ic m  *h e  
AU.S.A. and Mexico in the north and Venezuela, Argentina and Brazil
in the south. In Asia the disease has recently been reported in
Philippines, Singapore and Japan. Although the disease has been
reported in countries of.Africa and Oceania it does not represent a
major problem for their pig industry.*
The country most recently infected is Japan which was free of the
/ /  
disease until 1980 (Onodera et at• 1981; Fukusho et at, 1981). There
has been an increase in clinical cases in pigs during the last 15 years
/ / 
both in North-America (Gustafson, 1981) and in Europe (Wittmann, 1982).
It is not clear why the disease has taken off, it may be as a result of
bigger more densely populated herds or to a change in the virulence of
the virus, or perhaps due to an increased awareness of farmers and
veterinary surgeons.
* FAO Book of the year 1982.
■ 0 6
1.4 Strategies of control
Control measures must be implemented in order to reduce the extent of 
the economic losses. Some countries where the disease is endemic such 
as; Hungary, Northern Ireland and France among others, have been using 
vaccination for a long time, this method reduce^the impact of the 
disease on the pig industry but does not stop the spread of the
infection, the formation of ADV-free breeding stock is therefore
/
encouraged (Kojnok, 1975). Some other countries like Denmark where the 
pig population is not too big the infected farms are isolated or repopu-
■ x/
lated with clean animals (Bitsch and Andersen, 1982).
A thorough analysis of the epidemiological situation is essential in 
the implementation of the best control measure. The Federal Republic 
of Germany in 1980 implemented a control program based on isolation of 
infected premises, slaughter of infected animals and protection of 
animals at risk using inactivated vaccine only (Pittler, 1982). Great 
Britain is the first country to carry out a control program based on 
slaughter of all the animals from infected herds and repopulation with 
clean stock. Probably in a near future the disease will be erradicated
v / - .  .
(Roach, 1983).
1.5 Epidemiology
The pig is the most susceptible species and the main source of virus as 
well. Although many other species are susceptible to the infection, 
the pig requires a considerable smaller dose of virus to develop the 
infection and it is the only species which can survive the disease and
y
spread the virus (Gustafson, 1981). The natural route of entry is the 
oro-nasal mucosa. Even though the abraded skin is susceptible to 
infection, experimental evidence showed that the distribution of virus 
in the body after subcutaneous inoculation differs considerably from
7
that following nasal or oral infection (Rajcani et al. 1969), Other 
possible routes of infection are the genital mucos3,^in one case sows 
fell ill after service by an infected boar. Monreal et al. 1967\ or by 
haematogenous insects^ Glukhov/ 1971' succeded in transmitting the 
virus by means of infected Dermacentor marginatus nymph^. The ingestion 
of contaminated food is the most likely route of infection in all the
V
other susceptible species (McFerran and Dow, 1970),
The contact between infected and susceptible pigs is likely to happen 
due to the healthy appearance of the recovered animals. Kojnok (1957) 
showed that piglets could get the infection from their own mother's 
milk. Howarth (1969) described an outbreak of ADV infection when 
healthy pigs were moved from Iowa to California, it was suspected that 
the sudden change of climatic conditions together with the stress of 
transport may have reactivated the virus in some latent carriers of the 
infection.
The excretion of virus in infected animals occurs mainly through nasal
/ y ■
secretions (Shope, 1935; McFerran and Dow, 1964 and others) though 
intermittently ADV may be recoverd from faeces and urine (Nikitin,
1961; Corner, 1965). The congenital transmission has also been 
reported but their epidemiological implications are considered u^dec a^: 
separate section (see section 7).
There had been cases where the disease has occurred without direct 
contact with infected animals at all, originally it was thought that 
infected rats or infected insects may have carried the infection but 
such was never more than a hypothesis, so it was ' . s u g g e s t t h a t
the veterinary practitioners had ca«-«ed the virus on their protective
. . \ . - v  ' ' ; ■ : ' :
clothing (Bosch, 1981). The occurrence of outbreaks in large herds 
where all these possibilities could be ruled out raised the question
8
about airborne transmission. Donaldson et at• (1983) isolated ADV from 
air samples collected from pens where groups of experimentally infected 
pigs were allocated and seroconversion was recorded in a group of 
sentinel pigs whose only contact with the infected piglets was through
i
an air conduct which carried air from the infected pigs* pen to the
• v/
sentinel pigs1 pen. Later Gloster et at. (1984) analysed retrospec­
tively a series of outbreaks of ADV infection in Yorkshire including 
epidemiological and meteorological data and the results of such anal­
yses showed that in seven out of eleven outbreaks the airborne trans­
mission may have happened. At present -the duration of
survival of ADV in the air under different atmospheric conditionsj^nor 
the minimum dosage required to infect pigs via the respiratory system 
but the finding of these two factors together with the evidence pre­
viously mentioned will give a definitive answer to the question of 
airborne transmission. It has been reported however that the inhala­
tion of virus particles in aerosol does not appear to be the usual way
/
of virus transmission. Baskerville (1971) exposed pigs to an airborne
fi'1
cloud of^/NIA-2 strain in a modified Henderson apparatus. The clinical 
disease and the distribution and nature of the lesions which resulted 
from this mode of infection were strikingly different from those pro­
duced by infection by means of natural contact between susceptible and 
infected pigs.
2. CHARACTERISTICS OF THE AETIOLOGICAL AGENT
2.1 Taxonomy
The virus responsible for the infection has been classified as Suid 
(alpha) herpesvirus 1, a member of the family Herpesviridae. The family 
has been divided into subfamilies based on DNA structure and replicative 
properties of the viruses (Matthews, 1979). The alphaherpesvirinae
subfamily to which AD virus belongs is characterized by the facL5that ^
the sequences from both or either terminus of their DNA are present in
an inverted form internally, they have a relatively short replicative 
and
cycle kthey generally are highly cytopathic in cell culture causing 
rapid destruction of susceptible cells. Their host range is variable 
from very wide to very narrow and latent virus infection of nerve 
ganglia is often demonstrable. Within the subfamily two genera are 
identified, the type species of the first is human (alpha) herpesvirus 
1 (Herpes simplex 1). Suid (alpha) herpesvirus 1 is the type species 
of the second genus which also includes Equid (alpha) herpesvirus 1. 
(Matthews, 1979).
2.2 Morphology
All the members of this family display a characteristic morphology; the 
virions are made up of 162 hollow capsomeres arranged in an icosahedral 
capsids enclosed in a lipid envelope containing more than 20 polypeptides. 
The diameter of the capsids is 120-150 nm and each capsomere has a
v /
diameter of 10 nm (Kaplan, 1969).
2.3 Virus structure
As a physical entity the components of the complete virus (the viron) 
are; the core containing the genome which is a double stranded DNA^
^he capsid surrounding the core and the envelope surrounding the capsid. / 
The capsid as seen by negative staining, measures 105-110 nm in diameter 
approximately and is composed of hollow caspsomeres which are polygonal 
in gross sections. In sections the virion appears as an electron-dense 
nucleoid or core which is surrounded by an inner membrane (probably the 
outer surface of the capsid) and the outer membrane or envelope
v/
(Baskerville et at. 1973). The complete envelope virion is about 
180 nm (Fig.2.1).
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Fig. 2.1 Vero cells infected with ADV. The electron-dense 
core is surrounded by the capsid (inner membrane) and by 
the outer membrane or envelope. Ultrathin section X 75 000 
(Courtesy of Dr. D. Chasey).
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2.4 Effects of physical and chemical agents'on ADV
The stability of ADV to physical and chemical agents has been studied 
both in the laboratory and under field conditions.
a) Stability to chemical treatment under laboratory conditions.
Since the virus envelope plays an important role in infectivity and
it contains a great deal of lipids, ADV can be inactivated by
treatment with lipid solvents such as; ethyl ether, chlorophorm and
sodium desoxycholate (Roizman and Roane, 1963; Kaplan and Vatter,
/ . /
1959 and Bedson and Gostling, 1958). The envelope can be affected
by proteolytic enzymes also, such as, trypsin (Bartha et al, 1969),
pronase phospholipase C and acid and alkaline phosphatases (Gustafson,
1981). These enzymes do not destroy the viral capsid and probably
affect in some way the outer envelope of the viruses, either by
total destruction of the envelope or by removal of specific sites
essential for attachment to cells. ^
Some chemical compounds able to disrupt both capsid and viral 
envelopes are, dithiothreitol, urea and detergents (Gustafson,
1981). The solubilization of membrane proteins by treatment with 
detergents is a procedure widely used in the preparation of 
immunogenic products. The virus infectivity is lost after 90 
minutes of treatment at 4°C with a solution of either 0.5% Triton 
X 100 or 2.5% Nonidet P-40. The former works better under alkaline 
conditions (Rock and Reed, 1980; Maes and Schutz, 1983).
The genome may be affected by oxydizing or alkylating agents such 
as, ethidium bromide, nitrous oxide, beta-propiolactone and 
formaldehyde (Ivanicova et at, 1963). Treatment with the DNA inhi­
bitor 5-fluorouracil results in the production of non-infective 
viral particles in cell cultures (Reissig and Kaplan 1962).
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b) Stability to physical treatments under laboratory conditions.
Heat. ADV is more thermostable than herpes simplex viruses. After 
5 hours at 44°C, 28% of ADV but only 0.014% of herpes simplex virus 
infectivity survived (Kaplan and Vatter 1959). A half-life of 
7 hours at 37°C was reported by Burrows (1968). However later 
Davis and Beran (1981) demonstrated that the survival of ADV at 
37°C was dependent on pH level. A solution of virus kept within a 
pH range of 6 and 8 showed a decrease in titre of 0.6 logio 
TCID50 per day. Fluctuation in the temperature between 4°C and 
37°C had no apparent effect upon the titre of virus.
The rate of virus inactivation in a range of temperature between 
45°C and 53°C has been used for the study of strain variation,
Platt et at, (1979) showed that 48°C was the temperature at which 
the thermosensitivity of some strains could be judged (see Sec. 4).
Radiations. ADV is inactivated exponentially by gamma, X or 
ultraviolet irradiation. Inactivation of virus in frozen cell 
culture fluids containing about 10® TCID^q of ADV using a ^ C o  
source, required a total dose of 3.65 X 106 R (Sun et dl. 1978).
Virus suspensions at pH 5.3, 7.0 and 8.6 were inactivated when 
exposed in thin layers to a commercial 15 watt germicidal U.V. lamp 
held 76 cm away, virus at pH 8.6 was most sensitive, its titre. 
dropping more than 4 logio in 20 minutes (Davies and Beran, 1981).
Photodynamic inactivation. ADV was photoinactivated with a 
combination of methylene blue dye, light and electricity. Total 
inactivation (1.7 X 106 TCDI5()/ml) was achieved with constant 
mixing, a methylene blue dye concentration of 10“4m and an electrical 
current of 12 A for 12 minutes (Badylak et at, 1983). According
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to the authors the antigenicity of the photoinactivated virus was 
preserved so it was considered to be an effective, simple and 
inexpensive method of antigen production for use in the ADV skin 
test.
c) Virus inactivated by chemical or physical factors under 
field conditions.
The stability of the virus at environmental temperatures showed 
little variations. Virus inactivation occurred at a rate varying 
from 0.04 logio TC*D50 per day to 0.6 logio TCDI50 Per day at 
37°C at a pH between 6 and 8. When virus suspensions at pH levels 
ranging from 6 to 8 were dried on glass at a temperature of 37°C 
and 30% humidity or at 22°C and 14°C and 40 to 50% humidity it was 
not possible to recover viable virions by washing the glass. The 
fall in titre compared with undried controls maintained at the same 
temperature, was in each case an excess of 4 logio TCID50 (Davies 
and Beran, 1981). Ustenko (1959) found a survival in muscle of 
between 11 and 36 days, depending on the temperature and virus 
survival in pig carcasses for up to seven weeks in winter condi­
tions were also recorded by Bitsch and Knox (1971). There is only 
one report about ADV survival in slaughter products under cold 
storage conditions (Weyhe and Bendorf, 1970). Pigs infected 
either subcutaneously or intranasally were slaughtered between 
3 and 6 days later. Carcasses and viscera were stored at 1-2°C for 
30 days and sampled for virus at regular intervals during this 
time-. After subcutaneous inoculation, inapparent disease was the 
rule and virus was recovered from the carcass in small quantities 
for only 72 hours. Virus was recovered from spleen, lung, lymph 
nodes and spinal cords at up to 10 days. Pigs infected intrana­
sally generally developed clinically apparent disease and large
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amounts of virus were found in many tissues. The pH of the carcass 
meat did not drop below pH 5.7 and virus was still present in 
substantial amounts at the end of the experiment, spleen, lung and 
tonsils also contained virus. It has been proved under laboratory 
conditions that the stability of ADV was greater at 4°C than at 
-20°C (Burrows, 1970).
Durham et at. (1980) found that virus was not detectable neither in 
flesh nor in organs of pigs, which were intravenously infected 
before slaughter, after 35 days of storage at -18°C.
Polyakov and Andryunin (1974) reported ADV survival in slurry in 
summer in a warm climate for up to five days. They also noted that 
it was rapidly destroyed by changing the pH to 5. In pure pig 
urine at 4°C ADV survives for months but in properly compacted dung 
scarcely longer than 2 to 3 days (Bosch, 1981).
d) Sensitivity to disinfectants
In the early literature it was reported that ADV was still active in 
a solution of 0.5% phenol after 30 days (Bosch, 1981) and that 1% 
formaline takes one hour to kill the virus (Lourens, 1935). Ursache 
et at, (1978) recommended bleach and phenol for disinfection, a 
0.3% formol solution reacts very slowly but at double that concen­
tration the virus is destroyed in five minutes. More recently, 
several commercially available disinfectants were tested against 
ADV. The results showed that all the disinfectants when used at 
the recommended dilutions were effective against ADV. Some of the 
non-trade names products tested with good results were formaldehyde 
4%, sodium hydroxide 5% and sodium hypoclorite 1:200 (Brown, 1981).
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2.5 Virus culture
ADV grows in a wide variety of monolayer cultures both Kaplan (1969) 
and Baskerville et at, (1973) published comprehensive lists of tissues 
which support ADV growth# The different types of cells vary in their 
sensitivity to the virus. Thus rabbit kidney cells are more sensitive 
to ADV than renal cells from monkey and from man or than chick embryo 
cells. Rabbit kidney cells are also equally or more sensitive to the 
viruses than embryonated eggs and the brain of the mouse (Barski et 
■at. 1955). McFerran and Dow (1962) compared the sensitivity of rabbits 
with rabbit kidney and pig kidney cells and demonstrated that they were 
all equally sensitive. In a comparative study of a wide range of cells 
Burrows (1970) showed that rabbit, pig, dog, sheep and ferret kidney 
cells and the "Stice 2aM line of pig kidney cells were most sensitive. 
McFerran et at, (1972) found that pig kidney and PK15 cells were the 
most sensitive with Vero, lamb kidney and calf testes also very 
sensitive. The titres of virus after culture in Vero and Pig embryo 
kidney cells were compared and the titre was higher in the latter (Sands, 
personal communication).
The time required for absorption seems to vary with the cells used.
The adsorption of ADV to rabbit kidney cells was relatively rapid (50% 
in 30 minutes) (Kaplan and Vatter, 1959). However the rate of adsorp­
tion to chick embyro cells was much lower (86% in two hours) (Beladi, 
1962). In rabbit kidney cells the eclipse phase of three hours is 
followed by a latent period of five hours and an exponential increase 
phase of five hours (Kaplan and Vatter, 1969). In monkey kidney cells 
however the latent and exponential phases are both increased to 12 
hours (Baskerville et at, 1973). Infected cells may show Feulgen- 
positive intranuclear inclusion bodies, the inclusion body later shrinks 
and becomes surrounded by a halo, forming a typical Cowdry type A
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inclusion (Reissig and Kaplan, 1962). Two types of cytopathic effect 
occur in tissue culture cells. One type is composed mainly of multi­
nucleated cells and the other of rounded highly refractile cells 
(Kaplan and Vatter, 1959). It is possible that the type of cytopathic 
effect produced is a strain-dependent feature.
Such possibility is discussed in detail in Sec. 4 of this review.
2.6 Virus replication
Capsids of the herpesvirus are assembled in the nucleus of the infected 
cells. Virus proteins are synthesized in the cytoplasm and structural 
virus proteins migrate to the nucleus where virus assembly occurs (Ben 
Porat and Rixon, 1979). Analysis by electron microscope and using of 
temperature sensitive mutants has contributed to establishing the fact 
that in herpes virus infected cells, empty capsids are assembled first 
and that these empty capsids are the precursosrs of DNA-containing 
nucleocapsids (Ladin et at• 1982). The synthesis of ADV viral DNA 
occurs in two phases. In the early phase viral DNA synthesis is 
associated with structures that sediment mainly between 60 and 120 s. 
During this phase of DNA replication, unit-size and larger than unit- 
size linear molecules with * eyes' may be observed in the electron 
microscope (Jean et at• 1977). In the later phase, newly synthesized 
viral DNA is associated with structures sedimenting with much greater 
S values that consists at least in part, of linear concatemers as well 
as tangles. Such tangles are not disrupted by treatment with ionic or 
non-ionic detergents, nor are they affected by digestion with RNAses or 
proteases (Ben-Porat and Rixon, 1979). Mature suid herpesvirus 1 DNA 
is a noncircular permuted, linear double stranded molecule with a 
molecular weight of approximately 90 X 10^ D (Rubenstein and Kaplan, » 
1975). Mature viral DNA sediments as molecules of 54 s. The guanine-
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cytosine content is 74% and the ratios for each base are: Adenine 13.2%, 
thymidine 13.5%, guanine 37% and cytosine 37.2% (Ben-Porat and Kaplan, 
1962). Analysis of the DNA of several herpesvirus has revealed three 
patterns classified as: Class 1, class 2 and class 3. Class 1 DNA 
molecules have a unique large-loop (L) sequence flanked by two repeated 
sequences. Class 2 DNA molecules contain a small loop (S) unique 
sequence, flanked by repeated sequences and a unique L sequence with 
one internal short repeated sequence. Class 3, DNA has both L and S 
unique sequences, each flanked on both sides with repeated sequences 
(Fig. 2.2) Aujeszky’s disease virus DNA has class 2 sequence similarly 
to equine abortion virus (Hones and Watson, 1977). Some degree of 
relatedness between members of the same family can be determined by 
hybridzation of DNA preparations. Homology ranges frpm 100% to 0% when 
the virus are identical or unrelated respectively. HSV-1 and HSV-2 
were found to have 50% homology. ADV shares 8-10% homology with the 
DNA of bovine mamillitis virus (Becker 1983) and in similar proportion 
with HSV-1 (Ludwig et at. 1972).
3. STRAIN DIFFERENTIATION IN ADV
Isolates of Aujeszky's disease virus vary markedly in their in vivo 
and in vitro characteristics. Serological techniques are inadequate 
tools for the differentiation of ADV isolates since all isolates show 
cross-neutralization, but other studies have revealed significant 
differences.
In Northern Ireland, four strains of virus have been characterized with 
respect to their pathogenicity for pigs. Strain NIA-1 was isolated 
from a pig with a naturally occurring case of Aujeszky’s disease. 
Experimentally it kills 10 to 25% of seven to eight-week old pigs 
(McFerran and Dow, 1965). Strain NIA-2 causes similar mortality but
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differs from NIA-1 in causing stri ding lung lesions and severe V"
loas
rhinitis (Baskerville, 1972). Strain NIA-3/(isolated from the brain of /X/.
a pig dying in a natural outbreak of disease 'anJjynder the same experi- X
mental conditions caused 80-100% mortality. Strain NLA-4, was isolated 
from the lymph node of a cow during an investigation of an outbreak of 
malignant catarrhal fever but identified as ADV. This strain is non- 
pathogenic for domestic or laboratory animals (Baskerville et at. 1973). 
Such a pathogenic characterization of the strains present in a defined 
country or area has not been done anywhere else. The most common
characterization of strains is based on virulence because that could be
the most important difference between strains and must come first in 
the characteristics of a particular strain. The virulence of ADV 
strains has been studied by both in vivo and in vitro methods, provi­
ding a whole spectrum of virulence but, among virulent strains there 
may be subtle differences which explains the diversity of the clinical 
picture produced by the infection. For instance, Sabo (1969) consis­
tently isolated ADV for two weeks from throat swabs of six week old
piglets experimentally inoculated via the oral route. During a
subsequent study, Sabo and Blaskovic (1970) isolated ADV from the
tonsils of pigs at 21 but not at 25 days after inoculation. A possible 
dependence of the length of virus shedding upon the strains of ADV was 
suggested. Maes et at. (1983) compared the shedding patterns of two 
virulent and one attenuated strain (P.2208, KG152-D and BUK respec­
tively). The results showed that the infectivity of ADV in swine was 
strain-dependent, 500 TCID50 of ADV strain P.2208 or KC-152-D failed 
to produce an asynchronous infection in groups of eight pigs each, 
although some pigs became infected. A tenfold higher dose of strain 
KC-152-D produced asynchronous infection and^neither dose of strain BUK 
produced evidence of infection in any of two groups of eight pigs each.
The shedding patterns differed as well; four out of six pigs that
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survived inoculation with the lower dose of P-2208 were still shedding 
detectable amounts of virus at 21 days post-inoculation* Only one of 
eight pigs inoculated with the same dose of the KC-152-D strain was 
still shedding virus at this stage*
Many features of the infection may be strain-dependent characteristics 
but most have not been experimentally investigated; Bitsch (1980) 
reported that ADV isolates from bovines affected with ADV could be 
classified in two groups:
a) Isolates from animals with pruritus in the anterior part of the 
body as one of the many clinical symptoms, and
b) Isolates from animals with pruritus in the posterior part of the 
body.
These isolates showed a different type of cytopathic effect in tissue 
culture, making it possible to classify isolates into two groups which 
correlated with the clinical manifestations of the disease. This was 
interpreted as indicating that strains may have affinity for one site 
of replication i.e. respiratory system or reproductive system.
The ability to cross the placenta in pregnant sows infected with ADV 
is considered to be a strain dependent feature. Brooks (1983) carried 
out an experimental intra-utero infection in pregnant sows£ few days 
after infection the sows were killed and ADV was isolated from the 
tonsils of om sow. The ability for crossing the placenta of that parti­
cular strain (Strain Iowa) was therefore confirmed but there are many 
other strains in which such ability is assumed, although it has not been 
experimentally proved.
The differentiation of strains is of great importance for epidemio­
logical and pathological studies as well as for the implementation of 
control measures. Characterization of virus strains isolated from a
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disease outbreak5provides a method of classification of isolates and 
this may help in tracing the source of infection. Since the transmis- 
sibility and tropism for particular tissues do appear to be features 
related to the strain of virus; the pathogenesis of the infection could 
be better understood if the damage caused and the strain*involved are 
both known. Additionally non-pathogenic strains are used as vaccines; 
two widely used vaccines are naturally attenuated strains i.e. Bartha 
and NIA-4 (Kojnok and Bartha, 1962; McFerran, 1981) and differentiation 
of field virus from vaccine virus is essential for a good diagnosis of 
the infection.
Of course some characteristics are so specific that they can only be 
studied by infecting pigs experimentally, but there are other character­
istics which can be detected with considerably less expense. Biological 
markers which allow strain differentiation may have practical value in 
helping to recognize potential new vaccines strains and in testing 
vaccine virus for safety. The search for such biological markers also 
provide more information about the virus itself.
3.1 METHODS USED FOR THE CHARACTERIZATION OF ADV STRAINS
3.1.1. Laboratory animal inoculation
One of the most common procedures for evaluating virulence of ADV 
strains is by inoculation of laboratory animals. Non-virulent strains 
do not kill, while the virulent ones do. The mean time-to-death (MTTD) 
after inoculation and the presence or absence of pruritus at the 
inoculation site have been used for strain comparison.
In 1961, Bartha reported the isolation of an ADV strain which produced 
small plaques in cell culture and did not kill rabbits. This virus was 
a naturally-attenuated variant which was shown to be suitable for use 
as a vaccine. Another variant, (Alfort-26), was of reduced virulence
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when tested in laboratory animals including rabbit, guinea pig, rat and
mouse (Toma1 et at* 1979). '
Mocsari (1981) compared the virulence of 33 field strains of ADV by
intracerebral inoculation in 3-4 weeks old mice. Clear differences in
mean time to death and in the intracerebral pathogenicity index between 
the field strains and the K-61 (Bartha) strain were observed. Platt et 
at. (1979) reported that rabbits inoculated with seven different
American isolates all showed clinical symptoms and died while rabbits 
inoculated with the European strain K and BUK (attenuated strains) 
showed a reduced mortality rate. The virulence of ADV for laboratory 
animals therefore do correlate with the virulence for pigs in general 
but the measurable parameters* (MTTD) and pruritus are somevohat limited.
3.1.2. Trypsin and Heat sensitivity
Many other biological properties which could be used as indicators of 
virulence have been investigated. Bodon et at. (1968) reported that 
three strains of ADV isolated from pigs affected with pneumonia were 
sensitive to either trypsin, heat or both while the vaccine strain K-61 
was resistant to similar treatments. Bartha et at\. (1969) compared the 
trypsin and heat sensitivity of virulent and attenuated strains of 
several herpesviruses. The results showed that the attenuated strains 
tended to be more resistant than the virulent field strains. Both heat
'I
and trypsin sensitivity have repeatedly been used for strain differen­
tiation but results are contradictory in some cases, perhaps because of 
the different methods used. Golais and Sabo (1975) reported that after 
60 minutes of treatment at 53°C, nine of ten virulent strains retained 
their infectivity while three out of four attenuated strains were 
sensitive;. These results were in contradiction to •Hese.previously repor­
ted Whe-re ; the virulent strains were resistant and the attenuated
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strains were sensitive. Lloyd and Baskerville (1978) compared two 
strains (Bartha and NIA-2) and found that both strains were inactivated 
in less than seven minutes at 56°C. After 45 minutes at 45°C the 
original titres of virus had diminished 16% for the NIA-2 (virulent 
strain) and 8% for the Bartha (non-virulent strain).
Differences in sensitivity to trypsin were observed when both strains 
were treated for 30 minutes at 37°C with a trypsin concentration of 
0.50% or higher (Lloyd and Baskerville, 1978). The virulent strain 
showed a greater sensitivity to trypsin.
Platt et at. (1979; 1980) attempted to correlate heat and trypsin 
sensitivity with virulence. The first experiments correlated heat 
sensitivity with virulence for rabbits. The heat treatment produced 
three groups:
a) heat resistant strains,
b) moderately heat sensitive strains,
c) highly heat sensitive strains.
The results of the virulence experiments in rabbits showed that strains 
could be classified into one of three groups:
1) Strains which produce pruritus and kill the rabbit in a short time 
(less than 66 hours), 2) Strains which do not produce pruritus, and 
kill rabbits after 78 hours, and 3) Strains which show a low rate of 
clinical infection in rabbits. No correlation was found between heat 
sensitivity and rabbit virulence. The one strain with low rate of 
clinical infection for rabbits (Bartha) was heat resistant while BUK, 
which showed similar virulence for rabbits was highly heat sensitive. 
Ten american field isolates tested for the same characteristics were 
all highly pathogenic for rabbits and were randomly distributed along 
the heat sensitivity spectrum.
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In a second series of experiments five North American field isolates 
and the same two attenuated European strains were tested for sensiti­
vity to trypsin and virulence for mice* The trypsin treatment indi­
cated two groups i.e. trypsin resistant and trypsin sensitive strains. 
Three categories were distinguished based on their virulence for mice. 
Once again no correlation was found between trypsin sensitivity and 
virulence, but a good correlation was observed between low virulence 
for mouse and non-virulence for pigs. When the four markers; sensi­
tivity to heat and trypsin, and virulence for rabbits and mouse were 
analysed together, six strains were individually identified (Platt et 
at• 1980). Similar results showing poor correlation between trypsin 
or thermal sensitivity and the virulence of field isolates were 
reported by Mocsari (1981).
3.1.3' Other biological properties used for strain identification
There are other characteristics of ADV which have been reported to be
different in virulent strains and attenuated strains. Some of these
properties have been investigated only once because the difference
between virulent and non-virulent strains was so difficult to measure 
4kfc/
thatican not be used for differentiation of more than two strains.
Lomniczi (1974) compared two strains one virulent and one non-virulent;
the non-virulent strain was non-neuropathogenic for chicken, more
sensitive to interferon and better a interferon inducer than the
virulent one. Golais and Sabo (1982) reported that virulent strains
propagated better than attenuated ones in human cells (Hela and D-6), 
/4ha^
^attenuated strains did not replicate at supraoptimal temperatures in 
cell?adapted to 40°C and that sensitivity to urea did not correlate 
with virulence.
The effect of the virus replication upon cell cultures has also been
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used for strains differentiation. Plaques formed in PK-15 cells and 
chick embryo fibroblasts by a virulent strain, were bigger than the ^ 
plaques formed by a non-virulent strain (Lomniczi, 1974). Later 
however, Golais and Sabo (1982) reported that the virulent strains 
formed medium-size plaques in chick embryonic cells while the attenu­
ated ones produced large plaques and the highly attenuated ones small 
plaques. With such a contradictory results it is possible to assume 
that the size of the plaques besides the virus strain is related to the 
cells which are used and the ranking of the sizes is a subjective 
matter.
Differentiation of strains based on the type of cytopathic effect (CPE) 
was reported by Tokumaru (1957). According to Kaplan (1969) however, 
two types of CPE could be seen. Infected cells may form syncytia, or 
polykaryocytes or may become rounded, frequently balloned, with occa­
sional formation of small syncytia. Syncytium formation was reported 
for virulent strains, while rounded cells were characteristic of 
attenuated ones (Bartha, 1961; Zuffa and Gringelova, 1966). Later 
Golais and Sabo (1976) showed that the CPE varied in different cell 
cultures. They found cell lines in which all strains (five virulent 
and four attenuated) produced syncytia, cell lines in which all strains 
caused rounded cells and cell lines in which virulent strains produced 
syncytia and attenuated strains produced rounding of cells.
3.2 DNA Analysis
Three types of DNA genome structure have been described in Herpes 
viruses. Class 1 DNA molecules have a unique large-loop (L) sequence 
flanked by two repeated sequences, Channel catfish virus is an example 
of this group (Honess and Watson, 1977). ADV belongs to the class 2. 
Stevely (1977) showed that the DNA molecule have a short unique sequence
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bracketed on one side by a repeat sequence that is present in complemen­
tary inverted form on the other side (the inverted repeat) and a long 
unique region. Because of this invert repeat sequence, the molecules 
consist of components which inverted themselves with respect to one
another giving rise to different isomers. Thus two isomers of the ADV
genome exist (Fig. 2.2). In the HSV genome both the long and the 
short sequences are bounded by inverted repeats (Class 3 molecule) and 
consequently both components invert themselves relative to one another 
giving rise to four different isomeric forms of the genome (Honess and
Watson, 1977). The functions of the inverted repeats present in Class
1 and Class 3 genome of the herpesviruses, as well as the functional 
significance of the different isomeric forms of these genomes are 
unknown at present (Ben-Porat et at, 1983).
3.2.1 Restriction endonuclease analysis
One of the most widely used techniques in the study of herpes virus 
genomes is treatment with restriction endonucleases. These bacterial 
enzymes have a highly specific activity recognising a particular 
sequence of 4-6 nucleotides in the DNA molecule, at which they attach 
and cut the nucleic acid chain. The fragments of DNA generated by 
restriction endonuclease treatment can be separated by electrophoresis 
in agarose or polyacrylamide gel and the number and sizes of such 
fragments yield information about the virus genome. Thus if cleavage 
of the DNA of two different strains of virus by a particular enzyme 
generates fragments which differ in their number and size genetic 
heterogeneity between the two strains exists. This method has been 
used for strain identification (fingerprinting) of HSV-1 and HSV-2 
(Linnemann et at, 1978 and Buchman et al, 1979).
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Fig. 2.2. Diagramatic illustration of the genome structure 
of class 2 and class 3 genomes of herpesviruses. L and S 
indicate long and short unique sequences. The redundant 
sequences are indicated by a-b or c-a being a* c* or b* a* 
the complementary sequences. Arrows indicate the relative 
orientations of the unique sequences. (After Honess & 
Watson 1977).
3.2.2. Differentiation of ADV strains by restriction enzyme 
analysis of their DNAs.
Several ADV strains have been analysed by restriction endonucleases 
treatment. Geek et at, (1982a) compared the DNA of the Bartha strain 
(non-virulent) with the DNA of 6 virulent strains using four enzymes;
Kpn 1, Bam HI, Pst 1 and Sal I. Cleavage of viral DNA with Kpn 1 and 
Bam HI resulted in 14-15 fragments, while Sal I produced about 30, and 
Pst 1 produced 35. The patterns observed after Kpn 1, Bam HI and Sal I 
digestion differed between virulent strains and the non-virulent one, 
for which there was a fragment missing. This fragment was identified 
as fragment 7 in the Bam HI pattern. All the fragments fell within the 
range 0.5 to 20 million Daltons; the missing fragment had a mass of 
approximately 4X10^D. The enzyme Pst 1 also differentiated between the 
virulent and the non-virulent strain but in a diverse way; The first 
fragment of the non-virulent strain had a mass of approximately 6X1O^D. 
while the figure for that of the virulent strain is lOXlO^D; This 
fragment which in the non-virulent strain appeared into a clearly 
distinctive position was considered to be a "non-virulence" marker. In 
order to make sure of the validity of such a marker two further atte­
nuated strains were analysed with Pst 1 (strain 62 from Czechoslovakia 
and strain Tatarov from Bulgaria). Both strain showed the fragment in 
the position characteristic of the virulent strains, suggesting that 
the modification of the molecular weight of the heaviest fragment is 
not a constant feature of the non-virulent strains. Later Geek et 
atm (1982b) using the same enzyme (Pst 1) analysed the genome of 
several strains derived from the original avirulent Bartha strain which 
had been passaged in cell cultures many more times than the original 
strain. Six field strains isolated from boars which did not show 
clinical disease, and four other strains isolated from a. single clinical
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case were also studied. The results showed that the strains isolated 
from the clinical case were very similar among themselves and were 
different from the others. There were slight variations in the distri­
bution of the fragments in the laboratory strains but as a group all 
the Bartha derivatives were different from the virulent strains.
Paul et at• (1982) successfully differentiated nine ADV strains, six of 
which were virulent. All the strains were examined using the following 
enzymes: Bam HI, Hinf I, Kpn I, Pvu II and Sal. I. Differences among 
some of the strains were detected with all five restriction endonu­
cleases. The electrophoretic patterns of epidemiologically unrelated 
strains treated with Bam HI, Kpn I, Pvu II or Sal I showed clear diffe­
rences either in number or in the mobility of DNA fragments whereas 
only a minor, but reproducible, difference was observed between two 
closely related strains in the electrophoretic mobility of one of the 
fragments generated after Bam HI treatmemt.
Gielkens and Berns (1982) studied the DNA electrophoretic pattern of 
two strains; The NIA-3 (virulent) and the MK-25 (non-virulent). The 
DNAs were treated with Bam HI and Kpn 1. Comparison of the cleavage 
patterns revealed that both enzymes clearly discriminated between NIA-3 
and MK-25.
3.2.3. The use of the DNA analysis technique in epidemiological 
studies.
The successful differentiation of ADV strains by restriction endonu­
clease analysis suggested that the technique could be used for accurate 
identification of strains involved in an ADV infection outbreak.
Lawrence (1983) showed that the DNA fingerprint technique could be used 
for epidemiological studies. Five ADV isolates from two outbreaks in
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Pensylvania and three outbreaks in Indiana were analysed after diges­
tion with the enzyme Dde I. The fingerprints of two Indiana isolates 
from two separate outbreaks were identical, suggesting a common source 
of infection, unlike the isolates from Pensylvania which were different. 
Ben-Porat et at. (1984)used the DNA fingerprinting technique to investi­
gate whether or not superinfection was possible when pigs had contact 
with two different strains of ADV one after the other* Colonization of 
spinal cord ganglia by the superinfecting strain was not observed; but 
the strain used for primary infection was recovered from ganglia of 
super infected animals.
The DNA fingerprinting technique was successfully applied in a retro­
spective epidemiological study carried out by Herrman et at• (1984).
They analysed the DNA profiles of 150 strains, from different parts of 
the world, after treatment with five restriction endonucleases: Bam HI, 
Bst Eli, Kpn I, Hind II and Bgl II. the DNA patterns produced by 
treatment with Bam HI were classified into four groups. The other 
enzymes did not produce a better differentiation between strains. The 
variations amongst members of each group were slight. The groups 
(genome types) correlated with geographical distribution and the varia­
tion within each group was associated with the year of isolation.
Genome type II differed from genome type I because the lack of one 
fragment, (number 2) and the presence of two extra fragments located
near fragment four. About 75% of the isolates had a type II genome.
Groups I and II contained viruses isolated in Central Europe. Varia­
tions in the group I were related to the year of isolation; strains 
isolated before 1975 showed a typical type I genome, whereas strains
isolated after 1979 had a DNA pattern similar to the Group I variation,
which had an additional fragment below fragment four. Genome type III 
and IV were limited to isolates from Northern Europe and Thailand
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respectively. Group III showed a very similar Bam HI DNA pattern to 
Group I but was differentiated on the basis of the Bst Eli pattern.
3.2.4 Stability of viral DNA electrophoretic profiles in vitro 
and in vivo.
It has been reported that slight variation among the Bartha strain 
derivatives occurs in the mobility of the small DNA-fragments after 
treatment with Bam HI (Geek et at• 1982b). The successful use of DNA 
fingerprint techniques for strain identification requires knowledge of 
the stability of the DNA electrophoretic profiles. Mengeling et at.
(1983) tested the stability of the DNA Restriction pattern of two ADV 
strains by comparing the patterns after several treatments; Ten plaque- 
forming clones from each stock were selected, each one of these ten 
clones was passaged nine times in tissue culture at low and high 
multiplicity of infection, additionally the stock virus was passaged 
ten times in pigs. The results showed differences among the restric­
tion patterns of the ten clones derived from the same stock indicating 
a degree of heterogenity in the population. All the clones were then 
relatively stable during the nine subsequent plaques passages. Without 
plaque purification, heterogeneity was not evident. The restriction 
pattern of the stock virus appeared unaltered by ten serial passages in 
cell cultures at either high or low multiplicity of infection except 
for the appearance of several minor bands (small fragments of DNA) in 
the last passages of the high multiplicity of infection series. Thos 
small fragments of DNA were not present in the first passages of the 
stock virus, the authors concluded that they were due to a progressive 
increase-in defective virus population caused by undiluted passage of 
the virus. Ten serial passages in swine resulted in variation in the 
size of both small and large fragments. None of the five enzymes used 
(Bam HI, Hinf I, Kpn I, Pvu II, Sal I) revealed differences in the
number of fragments. It was concluded that the ADV genome is fairly 
stable when the virus replicates in cell cultures but that under some
- / : " ■■ f  . ■ ; .
conditions in the pig, may show variations.
The possible changes of the ADV genome during latency were studied by 
Van Oirschot and Gielkens (1984), The DNA from ADV isolated after 
corticosteroid treatment of pigs experimentally infected 3 months 
previously was compared with the DNA from the ADV strain causing pri­
mary infection. DNA analyses were carried out by Southern blotting 
techniques (Southern, 1975). DNA fragments obtained by enzyme treat­
ment and separated by agarose gel electrophoresis were hybridized with 
a radioactivelly-labelled probe after transferring the fragments from 
the agarose gel to nitrocellulose filters. This method showed that no 
variation was detected between the strain causing primary infection and 
the virus shed after corticosteroid treatment.
Ben-Porat et al• (1984) pointed out that differences in the migration 
patterns of the restriction fragments could be due to a loss of clea­
vage sites, which produce apparent fusion of fragments, deletions or 
insertion of nucleotide sequences, which would result in smaller or 
larger fragments, or translocation of sequences from one region of the 
genome to another, which also might change the size of the fragments.
They analysed the restriction fragments of 12 isolates of ADV whose DNA
profiles were different. In order to assess whether or not translo-
■ } 
cation of genes from one area of the genome to another had occurred,
each one of the DNA-fragments was hybridized to radioactivelly-labelled 
probes. The probes were prepared from fragments obtained after cleavage 
of a laboratory strain. The results showed that only two out of 12 
isolates had lost a restriction site and in both cases a fusion frag­
ment was observed instead of the two restriction fragments normally
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found. Differences were observed in the migration pattern of fragments 
generated from most regions of the genome. However the regions of the 
genome which differed most frequently were located within the inverted 
repeat sequences and near the left-hand end of the genome (Fig. 2.3). 
The authors conclusion was that the insertion or deletion of sequences 
within different regions of the genome were the reason for the differ­
ences in sizes of the fragments generated from different isolates, and 
that non-essential sequences are present at various positions along the 
genome of some ADV isolates.
3.2.5. The relationship between viral DNA restriction pattern 
and virulence.
Gielkens and Berns (1982) compared the DNA cleavage patterns of four 
Northern Ireland strains, whose biological characteristics were known. 
After restriction endonuclease treatment, DNA fragments were separated 
and compared by hybridization with a radioactivelly-labelled probe, 
the results showed a great similarity in the electrophoretic mobility 
of some of the fragments, except in the case of a few fragments. The 
most interesting finding was that the DNA-pattern of one avirulent 
strain (NIA-4) did not show the fragment identified as number 7 in the 
pattern produced by the restriction endonuclease Bam HI. the same 
feature had been previously reported for another avirulent strain 
(Bartha) (Geek et aim 1982). In a different experiment Lomniczi et at,
(1984) attempted to identify the genes responsible for virulence by 
comparing the genomes of two avirulent strains (Bartha and Norden) with 
that of a laboratory strain which had been mapped. The two avirulent 
strains showed a deletion in their genome which resulted in a reduction 
in the size of fragment number 7 after treatment with the enzyme Bam 
HI. For both strains the deletions were localized in the unique short 
sequence of the genome but in the Norden strain virus, the deletion
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Fig, 2.3. Restriction maps of the genome of ADV. Rectangles 
represent the repeated sequences. Arrows indicate points of 
cleavage. (After Ladin et at. 1982)
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appeared to include a recognition site for the enzyme Bam HI, because a 
fusion fragment was produced by this enzyme; this was not the case for 
the Battha strain virus* Additionally, it was found that in contrast 
to all the other ADV strains genomes so far analysed, the Norden strain 
possessed a class 3 DNA molecule. The class 3 genome has unique short 
and unique long sequences bracketed by repeated inverted sequences. It 
is therefore possible to have inversions of both short and long sequen­
ces, with respect to one another, producing four isomers instead of 
two (Fig. 2.2). At present it is not known what the reason may be 
for such a modification in the DNA molecule and what implications it 
could have in epidemiological studies. The Norden vaccine strain is a 
derivative of the Bucharest strain of ADV, which in turn was derived 
from a virulent strain that had been attenuated by more than 800 pass­
ages in embryonated eggs and in cell cultures of chickens embryo fibro­
blast. It has been suggested that modification of the parental genome 
from a type 2 to a type 3 herpesvirus DNA molecule had occurred during 
passage of the virions in cell culture (Lomniczi et al» 1984).
It would be wrong to consider the Bam fragment 7 the virulence marker 
because other strains exist which display a lack of it after cleavage 
with Bam HI and which are virulent. An example of this is the flixton 
strain (Banks personal communication). In addition attenuated strains 
occur with the Bam HI fragment 7 in the same position as in the viru­
lent strains (Gielkens and Berns, 1982). The region of the genome 
where this delection occurs has been reported as one of the extremely 
mutable sites in the genome (Ben-Porat et at• 1983) but at present it 
is not possible to detect a simple relationship betwen virulence and 
the presence or absence of a particular DNA sequence.
In conclusion; the DNA fingerprinting technique which had been widely
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used in virus-genetic studies is now becoming a valuable tool for 
epizootiological studies and should be included in any attempt to 
recognize similitudes/differences among laboratory or field strains*
4. PATHOGENESIS OF AUJESZKY'S DISEASE IN PIGS
4.1 Route of entry
The available evidence indicates that natural infection occurs by 
introduction of the virus into the nasal passages by inhalation, and 
into the oral cavity by ingestion. Infection by abraded skin occurs 
only infrequently in comparison with the oro-nasal route. Studies of 
the disease produced by subcutaneous and intramuscular inoculation have 
shown that from local sites of replication in skin and muscle, the 
virus ascends the local peripheral nerves and enters the corresponding 
spinal ganglion, from where it spreads to the spinal cord and ultimately 
to the brain (Bergman and Becker, 1967). The clinical signs produced 
after inoculation by this route are different from those seen in field 
infections.
4.2 Virus distribution
The virus multiplies at the nasopharyngeal mucosal membrane and is 
present in nasal and oral secretions from the first day after infection 
continuously for about 10 days and intermittently for a further 7 days 
after experimental infection (McFerran and Dow, 1964). After the 
initial replication virus can be found on the regional lymph nodes and 
virus appears as soon as 48 hours after infection in the central nervous 
system (CNS). It travels from the nose to the olfactory bulbs along the 
olfactory nerves and from the pharyngeal mucosa either by the gloso- 
pharyngeal nerve to the nucleus solitarius in the medulla or by the 
trigeminal nerve to the pons and medulla (McFerran and Dow, 1965).
Once in the CNS the virus spreads quickly centrifugally throughout the
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brain. Virus isolation from trachea and lungs within 48 hours after 
experimental infection due to virus particles inhalation is common 
feature. Some strains of ADV multiply rapidly in lung and are able to 
produce the respiratory form of the disease (Baskerville, 1971).
The presence of virus or virus produced lesions in organs other than 
those of the CNS and respiratory tract, as; kidney, adrenal glands and 
liver suggests that there must be other route of travelling in addition 
to the cell to cell spreading which is the classical way for members of 
the herpesvirus group. The virus infects and multiplies in white blood 
cells present in the lymphatic organs and this may be an important way 
by which the virus spreads. The isolation of virus from blood has 
proved to be difficult, but it has been suggested by Sabo, (1969) that 
it is a property of certain strains because they failed in their 
attempts to isolate virus from blood. Viraemia was not detected in 
hourly blood samples taken from pigs from the first 24 hours after 
infection with the NIA-2 strain of virus. Similar results were obtained 
with the NIA-1 strain (Me Ferran and Dow 1965). In spite of these 
findings, some doubts remain and are centred on the suggestion that 
viraemia does occur with certain strains of virus. Thus Masic (1961) 
showed that viraemia occurred in pigs following intranasal infection 
with the particular strain of virus they used. Hurst (1933) found a 
Hungarian strain of virus which readily produced a marked viraemia, but 
both he and Shope (1931) failed to show viraemia with a strain from 
Iowa. The Hungarian virus was laboratory-adapted and had been passaged 
many times. It appears therefore, that in naturally infected pigs 
viraemia occurs only rarely and that the occasional isolation of virus 
from organs other than the respiratory tract and the CNS may have been 
due to carriage of virus by phagocytic cells from sites of virus multi­
plication to distant organs. Wittmann et at• (1980) found that virus
can be isolated from leucocytes of experimentally infected animals, but 
virus isolation was irregularly achieved after subpassage, and it was 
only successful using high concentrations of leucocytes*
4.3 Histopathological lesions
Two forms of the disease are recognised: One is a form in which lesions 
are almost entirely confined to the CNS* The other is a combined res­
piratory tract and nervous form of disease. Experiments carried out 
with the virus isolated from the respiratory form of the disease in 
Northern Ireland, showed that its biological behaviour differed from 
that of the virus isolated from outbreaks of the purely nervous disease 
(Baskerville, 1971).
The lesions found in animals affected by the nervous form of the disease 
have been extensively characterised in both field and experimental 
infectious cases. The lesions are those of non-suppurative meningo- 
encephalomyelitis with destruction of neurons and focal and diffuse 
microgliosis affecting principally the grey matter of the cerebral and 
cerebellar cortices. Lesions in the brain stem occur predominantly in 
the dorsal regions around the cerebral aqueduct and the ventricles 
(Dow and McFerran, 1962). Eosinophilic or faintly basophilic inclusion 
bodies may be found in neurons, astrocytes and oligodendroglia, 
particularly in the cerebral cortex. They are found occasionally in 
Purkinje cells in the cerebellum but rarely in the brain stem or spinal 
cord. According to Done (1957) the disease may be distinguished from 
other conditions by the occurrence of foci or frank necrosis in the 
grey matter with a proportion of the characteristic intranuclear 
inclusions. The inclusions are sometimes difficult to see if stained 
with haematoxylin and eosin, but can be emphasised by deliberate over­
staining with eosin. Corner (1965) found focal and diffuse areas of
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gliosis, perivascular cuffing and intranuclear inclusion bodies in the 
pons-medulla areas and in the cerebral peduncles. All these lesions 
could be found in animals killed between 5 and 11 days after experi­
mental infection or animals which died of the acute form of the disease. 
Otherwise only some of the lesions can be found; vascular cuffing, 
microgliosis and meningeal cell infiltration are the most commonly 
found•
The respiratory form of the disease was associated with the age of the 
animals in the studies carried out by Bran et at• (1968) a constant 
dose of the same strain of virus apparently caused an exclusively 
nervous condition in 4-week old pigs, but produced severe rhinitis, 
tonsillitis and pneumonia with milder nervous signs in 10 week old 
pigs. There is evidence that some virus strains are able to produce 
the pneumonitis regardless of age. Rhinitis, pharyngitis and tonsil­
litis are commonly found as a result of the initial virus replication 
(Sabo, 1969). The macroscopical lesions caused by strains with affinity 
for the respiratory tract are dark red consolidated areas of all lobes 
of the lungs. In many animals the apical and cardiac lobes are comple­
tely consolidated and lymphnodes which drain the lungs are Invariable 
enlarged (Baskerville, 1971).
The histologic changes are a massive and widespread pulmonary necrosis 
which leads to necrotising bronchitis, bronchiolitis and alveolitis 
(Baskerville al• 1973). Intranuclear inclusion bodies are prominent
in epithelial cells of all classes of airways and are also found in 
other types of cells. Destruction of alveolar capillary endothelium 
results in exudation of fibrin into alveoli. Necrosis and repair take 
place in the lung concurrently between the 4th and 6th day and this is 
followed by organization and fibrosis which continue for several weeks
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(Baskerville, 1973)
Ultrastructural studies on the changes which occur in the lungs of pigs 
following nasal infection showed that the virus attacks and multiplies 
in all types of cells in the lung. Virus particles are released from 
degenerating cells and become scattered in intracellular spaces, in 
alveoli, and in the lumen of airways, where they infect more cells 
(Baskerville, 1972).
Aujeszky*s disease virus produces lesions in, and can be isolated from, 
tissues other than those of the central nervous system (CNS) and 
respiratory tract. The degree to which other organs are affected is 
firstly, a function of dose and secondly of the virus strain involved. 
Ducatelle et at, (1982) detected viral antigen by the immunoperoxidase 
technique in lesions in liver, lung, spleen, kidney, salivary glands, 
adrenal glands and pancreas, besides the CNS. In another study 
(Donaldson et at, 1983) the distribution of different strains was 
compared on experimentally infected piglets. On post-infection days 3 
and 7, virus was isolated from tissues of the CNS and tonsils in pigs 
from all groups, whereas virus isolation from liver and spleen was 
possible only in pigs from one group. The 3 strains used on this 
experiment were of different origin (data in Table 2.1). From the 
results it is possible to see that there is a direct relationship 
between fast replication in the originally infected tissue and spread 
of virus, because the anish strains spread only from the tonsils and 
pharyngeal lymph nodes to the CNS, whereas the other two strains showed 
an even distribution of tissue-samples from head and neck on post­
infection day 3 and on post-infection day 7 ADV was isolated from 
other organs such as liver and spleen.
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4.4 Consequences of the infection
The clinical signs of AD and the mortality rates observed depend very 
much on the age of the infected pigs and on the strain of virus involved. 
Mortality is highest in piglets up to 2 weeks old, but from this time 
onwards it gradually fall^and by 4 weeks of age a proportion of naturally- 
infected pigs recover from the disease. According to Kojnok (1975) the 
signs in young pigs are fever anorexia, emesis, thirst, depression and 
stupor and even when morbidity reaches 80 to 100% the mortality is 
never higher than 20%. Suckling piglets are most susceptible parti­
cularly when the sow has had no previous exposure to the virus. 
Baskerville et al. (1973) gives an account of an outbreak on one farm 
in Northern Ireland in which the first litter to be affected was 3 
weeks old. The piglets were with the sow, and all 9 pigs in the litter 
developed nervous signs and died within 7 days of the appearance of the 
first signs. Three other litters 2-3 weeks old in different parts of 
the farrowing house developed the disease 4 days after the initial 
signs in the first litter and all the piglets died within one week. A 
number of pigs died without clinical symptoms being observed. Two 
other litters 2 and 7 days old also succumbed to ADV infection in the 
following weeks. The mortality in these 6 litters was 100% ADV was 
isolated from brain and lung of several of these piglets. After an 
interval of 2 weeks with no new cases, the disease spread to another 
part of the farrowing house where 2 and 4 week old pigs became affected. 
The total loss in young pigs in this outbreak over a period of 6 weeks 
were 69 dead out of 74 which developed the disease.
The clinical picture in suckling pigs was described by Hirt,(1936)• 
Compulsive movements, paralysis, foaming at the mouth, stertorous 
breathing, signs of blindness, stiff carriage of the head and progres­
sive paralysis also of the vocal chords, which could lead to total
Table 2.1 Virus isolation from experimentally infected pigs 
(after Donaldson et at, 1983
Virus strain 1 2 3
Days post-infection 3 7 3 7 3 7
Cerebrum + - + + - +
Cerebellum + + + + - +
Olfactory bulb + + + + + +
Trigeminal ganglia + + + + - +
Tonsil + + + + + +
Lateral retro­
pharyngeal lymph node
+ + + + + -
Medial retro­
pharyngeal lymph node
+ + + + + —
Lung - + - + - —
Bronchial lymph node - + - + - -
Liver - + - - - -
Spleen - + - - - -
Pre-femoral lymph node + + +
Origin of the virus strains 
1• British
2. NIA-2 (Northern Ireland)
3. Danish strain
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aphony were all observed* Diarrhoea, vomiting, and a rise in tempera­
ture were seen in very few cases* The duration of the illness was 
generally 12 to 36 hours* The mortality among pigs older than 1 month 
is considerably lower than in suckling pigs. Steck et at. (1974) were 
able to identify two types of disease in a fattening unit; animals 
which suffered CNS disorders, trembling paralysis, and flailing move­
ments while in lateral recumbency formed one type; the other animals 
lay around apathetically, ground their teeth and showed increased 
salivation. Losses were 1 to 2%. Toneva (1976) write that conjunc­
tivitis can be present in 30 to 40% of affected animals which show 
nasal discharge.
Severe clinical disease in adult pigs is uncommon. Affected sows 
usually show anorexia, dullness and constipation and pyrexia of up to 
106°C may be recorded (Gordon and Luke, 1955). Pyrexia is not always 
present, or may be so transient as not to be readilly detected, slight 
incoordination can sometimes be observed when apparently- unaffected 
sows are forced to move and more severely affected sows may show complete 
posterior paralysis. Common sequels to infection of pregnant sows are 
abortions (Csontos et at. 1962) or the farrowing of stillborn piglets 
or mummified fetuses at term (Gordon and Luke, 1955).
4.5 Course of the disease
The course of the disease varies with the affected animals, whereas in 
young piglets the infection may cause death with a very few clinical 
symptoms within 48 hours after infection. In mature animals the extent 
of each one of the phases of the disease may last for weeks. The events 
leading to death in a fatal infection have been better recorded in 
medium size pigs (30 to 50 kg body weight). The first sign of the 
disease may be coughing which is noticed between 48-72 hours after
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infection and the temperature may rise to 104° to 106°F (40-41°C). The 
fever is accompanied by constipation; faeces hard and dry* As the 
temperature increase the pig stop eating and vomiting may occur. By 96 
hours after infection slight tremors in the flanks may be observed* As 
anorexia and fever continue, the pigs become listless and depressed and 
prefer to remain quite and recumbent. At 120 hours after infection the 
signs of neuropathy are more clear, the tremors are more pronounced and 
incoordination is often present. Paralysis of the rear limbs may be 
observed (dog-sitting position). Convulsions may occur. Sometimes the 
animal walk in a tight circle and fall through lack of balance where­
upon stiffness of the limbs in tonic spasms becomes apparent. This is 
followed by paddling movements of the limbs. During the convulsion 
there is excessive salivation from the half open mouth. Such a con­
vulsion may last for about 45 seconds (Gustafson, 1981). From this 
time onwards the neuropathy becomes more pronounced. The temperature 
fell to subnormal and the animal dies. This whole series of events may 
take as long as 8 days or as short as 4 days (Corner, 1965).
4.6 Differential diagnosis
The clinical and epizootiological course of the disease permits a 
suspected diagnosis; High morbidity and mortality in piglets, outbreaks 
of abortions or stillbirths in a herd, general depression and/or 
nervous signs in fattening animals are all conditions upon which a 
presumptive diagnosis of Aujeszky's disease virus infection could be 
made. Post-mortem examination on their own could not provide a 
definitive answer due to the lack of macroscopical patognomonic lesions 
(Bosch, 1981).
Diseases which should be considered in the differential diagnosis are 
swine fever, haemagglutinating encephalitis virus infection, salt
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poisoning, pasteurellosis, Talfan/Teschen disease, bacterial meningitis 
and coliform septicaemia (Baskerville et at• 1973). Since these 
diseases present a clinical picture similar to that of AD, the appli­
cation of laboratory techniques is essential for diagnosis.
During an outbreak, the most suitable way of confirmation should be by 
virus isolation from live or freshly slaughtered animals. The organs 
to be sent to the laboratory are: tonsils, submaxillar or retro­
pharyngeal lymph nodes, cerebrum, cerebellum and lung. Alternatively 
the presence of virus could be detected by fluorescent antibody test in 
frozen materials, in that case, in addition to the previously mentioned 
tissues, liver and spleen could be used. Histopathological observa­
tions of formalin fixed tissues may not achieve a definitive diagnosis 
because the characteristic lesions are not always present, but the use 
of immunoperoxidase staining provides a valuable aid (Ducatelle et at, 
1982). In any case the presence of specific antibodies in the sera of 
recovered animals or from those which were in close contact with the 
affected ones, could be used as confirmatory evidence (The methods for 
the detection of specific antibodies are explained in Sect* 5 of this 
review).
5* THE IMMUNE RESPONSE TO ADV INFECTION IN PIGS
A very important feature in the study of a particular infection is the 
understanding of the immune response evoked in the host. The way in 
which the immune system controls a virus infection is closely related 
to the pathogenesis and spread of the virus. ADV, like other herpes­
virus, spreads both directly between contiguous cells and by the extra­
cellular route. Knowledge about the immune response is derived mainly 
from experimental infections carried out for evaluating prophylactic 
products (vaccines) or the implementation of diagnosic tests.
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Several immune mechanisms have been demonstrated to be efficient 
against ADV or ADV infected cells, but it is still a matter of con­
troversy which ones are operational in vivo. Although in the infected 
animal the immune response works in concert, its study has been divided 
into humoral and cellular elements.
5.1 Antigenic components of ADV
The antigenic structure of a virus provides a sensitive means of 
differentiation and identification. Serological cross reactions among 
herpesviruses do occur. Herpes simplex type 1 (HSV-1) has 12 antigens, 
6 of which are shared with Herpes simplex type 2 (HSV-2), three with 
Equine abortion virus (EAV) and one with ADV (Honess and Watson, 1977). 
Antisera prepared against ADV showed precipitin bands when exposed to 
antigens from EAV (3 bands), HSV-1 (2 bands), HSV-2 (2 bands), Bovine 
mammilitis virus (BHM) and Infectious bovine rinotracheitis virus (IBR) 
(1 each) (Honess and Watson, 1977; Aguilar-Setien et al. 1979).
Although agar gel immunodiffusion tests showed common antigens between 
ADV and EAV, they were neutralized only by the homologous serum (Yeo et 
al. 1981). The lack of cross-potection between IBR and ADV was made 
once again clear by the experiments of Biront et al. (1982). Cattle 
vaccinated with a temperature sensitive strain of IBR did not produce 
neutralizing antibodies nor were they protected against challenge with 
ADV.
The antigenic determinants of ADV were identified by indirect immuno- 
precipitation against both convalescent pig serum and rabbit hyper­
immune serum, 10 proteins were recognised by both sera. It was shown 
that 6 of these 10 proteins were glycoproteins (Pauli et al. 1982).
Sun and Gustafson (1982) using a similar method but a different way of 
preparing the antigen for immunisation, reported that 4 glycoproteins
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were the major antigenic determinants of ADV. In both studies one of 
the glycoproteins with a mol. weight 88,000 elicited a good neutra­
lizing antibody response. The fact that antibodies produce against 
some other herpesvirus recognise antigenic determinants of ADV without 
neutralizing activity suggested that certain antigens might be more 
important than others in the stimulation of neutralizing antibodies. 
Dalsgaard (1982) found that by crossed immunoelectrophoresis sera from 
convalescent pigs reacted against 9 antigens but sera from vaccinated 
pigs reacted only against 3 or 4 antigens, one of the antigens which 
was always recognised was a glycoprotein, which when injected into 
guinea-pigs stimulated the production of neutralizing antibodies.
Those guinea-pigs were protected at challenge.
This rather small mozaic of glycoprotein antigens involved in neutrali­
zation may account for the fact that no antigenic differences have been 
detected between strains by neutralization tests (Pauli et at, 1982).
5.2 Humoral response
The humoral response is composed of all the mechanisms in which specific 
antibodies and/or complement play a role. In vitro3 antibodies are 
able to neutralize the infectious ADV. In vivo3 however, they have 
been regarded as not essential for recovery. The reason for this comes 
from the theoretical fact that neutralizing activity of antibodies 
which is exerted mainly by blocking cells receptors of the virus is 
unlikely to be efficient against a virus which spreads from cell to 
cell. Additionally the evidence shows that neutralizing antibody 
tends to be detected well after recovery is under way (Rouse and Babiuk, 
1978). Specific antibodies are certainly present during convalescence 
and probably at the time of recovery. On the other hand virus neutra­
lization is not the only way in which antibodies might stop spread of
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infection; mechanisms such as Antibody-dependent cell-mediated cytotox­
icity may be effective by eliminating virus-infected cells.
The mechanisms which have been demonstrated to be operative in vitro 
against ADV infected cells are: 1) Complement-mediated destruction of 
antibody-sensitized virus infected cells. Martin et at. (1983) showed 
that the destruction of virus-infected cells by the complement fixation 
mechanism occurred by the alternative route, because the complement 
activity was not detected after heating the complement source at 50°C 
for 20 minutes, such treatment does not affect the mechanism when the 
classical pathway is used (Norley and Wardley, 1983). Antibody and 
complement could also play a role in recovery by the activation of the 
inflammatory response. 2) Antibody-dependent cell mediated cytotoxi­
city (ADCC). This phenomenon occurs when an effector cell equipped 
with a receptor for the Fc portion of an immunoglobulin molecule binds 
with the Fc of an Ig molecule that is bound to a viral antigen at the 
surface of a virus infected cell. ADCC has been reported against a 
variety of herpes virus of veterinary interest including IBR (Rouse et 
at. 1976) and ADV infection (Ashworth et at. 1979). Several cell types 
can mediate antiviral ADCC but the respective importance of each parti­
cular cell type seems to vary among different species. While in man, 
null lymphocytes are claimed as the most active, bovine lymphocytes 
have not been shown to mediate antiviral ADCC (Rouse et at. 1976).
3) The last mechanism by which antibody may mediate killing of virus 
infected cells is by the process of complement facilitated ADCC 
(ADCC-C). Such a phenomenon has been shown to operate against IBR- 
infected cells, and was more effective than ADCC. The enhanced killing 
of target cells by ADCC-C was especially observable at limiting condi­
tions such as, a low antibody concentrations and short term assays 
(Rouse et at. 1977). There is only one report in the literature about
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complement addition to an ADCC anti-ADV system. The results did not 
show any increase in lysis of ADV-infected cells in the presence of 
complement (Ashworth et al. 1979).
Whether or not these mechanisms actually operate in vivo is not known. 
Conclusions as to the potential importance of antibody in recovery 
therefore remain speculative.
5.3 Serological tests.
Besides its protective role in vivo3 the humoral response provides 
valuable information about the immune status of individual animals, or 
of animal populations. Many serological tests have been developed for 
the detection of ADV specific antibody and each one of them has its 
advantages and disadvantages. The choice of the best test will depend 
upon the specific circumstances. The number of sera to be tested, 
speed at which the results are required, precise estimation of rise or 
decrease in antibody titres over a period of time all influence the 
choice.
a) Serum Neutralization test (SNT).
The presence of specific antibody is detected by the neutralization 
of a known amount of virus. Susceptible cell cultures are used as 
indicator system. The conventional system uses 100 TCID50 of 
virus which are mixed with the serum and incubated for 1 hour at 
37°C before inoculation onto tissue cultures. There are some 
modifications to the test which increase its sensitivity. Bitsch 
and Eskildsen (1976) reported that a 24 hours incubation of the 
serum-virus mixture instead of one hour resulted in higher neutrali­
zation titres without affecting the specificity of the test. The 
authors suggested that such modification could be used for improving
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the specificity of the test. The sera could be diluted 1:4 rather 
than 1:2 avoiding therefore some non-specific neutralization. In a 
different experiment the sensitivity of the test was enhanced 
adding guinea-pig complement (Wittmann et at, 1976). The virus 
neutralization titres increased up to six times with the addition 
of guinea-pig complement, but it was reported later that such assay 
required a complement-alone control because the complement may have 
some virus neutralizing activity on its own (Martin et at, 1983). 
Both modifications to the SNT have only been used on experimental 
basis and are not recommended for using as standard diagnostic 
procedures.
b) Immunodiffusion test (IDT).
A microimmunodiffusion test for the detection of ADV-specific 
antibodies were reported by Gutekunst et at, (1978) as better than 
the SNT because it was faster. The test produces preliminary 
results in 24 hours, with a final reading at 48 hours. It is less 
expensive than SNT and even cytotoxic, hemolysed or contaminated 
sera can be tested. The disadvantage was that it was less sensitive 
than SNT because in all the tested sera samples which SNT titre was 
higher than 1:4 the IDT was as sensitive as SNT, but with samples 
with a SNT titre of 1:2 only a very low proportion were positive 
in IDT. This test was successfully used by Pirtle (1982) as a 
qualitative test in a survey for anti-ADV antibodies in Iowa. All 
sera positive for precipitating antibody by the IDT were quantita­
tively tested by SNT. Due to the low proportion of positive samples 
the use of a low cost qualitative test proved very appropriate.
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c) The Complement fixation test (CFT).
This test was reported to be more sensitive than SNT for detection 
of early antibodies (Skoda and Jakubik, 1972) but the disadvantages 
are: that after heat inactivation of the sera, normal non-heated 
pig serum or complement component Clq has to be added. This is 
because the complement component Clq is thermolabile (Bitsch and 
Eskildsen, 1976). Another disadvantage is that the presence of IgM 
may produce a pronounced haemolytic prozone, which can mask the 
presence of specific fixation. In such cases, treatment with 
2-Mercaptoethanol is necessary in order to inactivate the IgM 
(Eskildsen, 1975).
d) Enzyme linked immunosorbent assay (ELISA).
Specific antibodies are detected with anti-species antibody conju­
gated with an enzyme. The conjugate is both immunologically and 
enzymatically active. The advantages of this test are that it has 
a higher sensitivity than the SNT, particularly in the period 
immediately after infection; The results may be ready in a few 
hours, and it is cheaper than SNT (Tood et al. 1981). This test 
was found to be the most suitable for use in large scale screening 
of porcine sera (Banks and Cartwright, 1983).
e) Antibody Dependent cell mediated Cytotoxicity (ADCC).
The detection of ADV-specific antibodies able to promote lysis of 
infected (target) cells has proved to be a much more sensitive 
technique than SNT. Particularly purified lymphocytes, polymor­
phonuclear leucocytes and macrophages were found to mediate ADCC 
against infected cells (Ashworth et al. 1979). In an homologous 
system only neutrophils were able to act as effector cells (Martin 
et al. 1983).
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f) Other serological techniques used in the diagnostic of ADV.
Countercurrent Immunoelectrophoresis; this test is quicker and 
cheaper than SNT, but does not have the sensitivity of ELISA (Banks 
and Cartwright, 1983). Indirect haemagglutination has been applied 
to the diagnosis of ADV by Haffer et al, (1980). This test is as 
sensitive as SNT. Cytotoxic serum samples may be tested and the 
results are available in two hours. Radioimmunoassay, may be 
suitable for mass investigations. The system is very sensitive 
and is not influenced by haemolytic and cytotoxic sera (Kelling et 
al, 1978).
5.4 Cell-mediated immune response.
The biological and clinical importance of the cellular immune response 
lies in its role in maintaining resistance to facultative and obligate 
intracellular infection. The term ’’Cell mediated immunity" (CMI) is 
now applied to those biological and clinical phenomena which results 
from interaction between lymphocytes and specific antigens, and in 
which no obligatory role can be found for antibodies. The detailed 
manifestations of CMI depends on the circumstances in which antigen- 
lymphocyte interaction takes place. A great deal of evidence has been 
generated to support the idea that CMI is the most important mechanism 
of recovery from herpesvirus infections (Rose and Babiuk, 1978).
The first indications that CMI is important in recovery from viral 
infection came from studies of immunodeficient patients. In general, 
patients with hypogammaglobulinaemia exhibit normal recovery from 
infections by enveloped virus, while patients with specific T-cell 
defects often develop serious progressive infections. These clinical 
observations have been confirmed experimentally. When the thymus is 
removed, susceptibility to enveloped viruses increases, but immune
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responsiveness to non-enveloped viruses remains nearly normal (Blanden, 
1971; Zisman et at, 1970). The most compelling evidence for the 
importance of CMI in herpesvirus infections was obtained by using in 
vitro CMI assays and relating the temporal appearance of reactivity 
detectable by these tests with the onset of recovery in IBR infected 
cattle. Three types of assays were used; a lymphocyte tranformation 
assay a virus plaque inhibition assay and a chromium-51 release assay. 
Antibody was measured by SNT and ADCC. The three CMI parameters 
became positive much earlier than were the tests of humoral immunity, 
and the activation of CMI response corresponded more or less with 
recovery (Rouse and Babiuk, 197<4; 1975). The important role of CMI 
in ADV infection has been suggested by the fact that there is no close 
correlation between antibody titre in the serum and protection against 
infection. Cases are recorded in which animals with relatively high 
antibody titres were not immune, while immunized animals without 
demonstrable neutralizing antibodies, or with only a low titre, were 
nevertheless protected (Gutekunst, 1979; Jakubik and Wittmann, 1978).
It is not known precisely how the CMI controls virus spread in the body, 
but the mechanisms which have been identified in vitro suggest how they 
might operate in vivo. These mechanisms are: direct cytotoxicity, 
release of interferon type II and the recruitment of macrophages by T 
cells.
Cell mediated cytotoxicity is directed towards the infected cell and 
is therefore restricted to enveloped virus infections in which viral 
antigens are present in the membrane of the infected cell. Unlike 
ADCC, T-cell mediated cytotoxicity and Natural Killer cell mediated 
cytotoxicity (NCMC) required only the presence of activated effector 
cells (Onions, 1983). The actual mechanism of the direct cytotoxicity 
mediated by T cells still needs elucidation, but single T cells can
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kill more than one target cell# The T cell does not die in the process 
(Henney, 1973)# There is some controversy about T-cell cytotoxicity 
and Natural killer cellular cytotoxicity. The cytotoxic activity of 
murine T cells has been reported to be restricted to virus-infected 
cells bearing the same major histocompatibility antigens (MHC) (Doerthy,
1980). The same MHC-based restriction has been found in man (Rickinson 
et al. 1980) and the chicken (Wainberg et al. 1974), but such restric­
tion was not found in cattle (Rouse and Babiuk, 1977). Natural killer 
cells from pigs do not show MHC restriction (Kim et al. 1980; Norley 
and Wardley, 1983).
Evidence for T-cell-mediated generated interferon type 2 has been 
extensively documented for herpes virus infections. Type 2 interferon 
was produced by immune bovine leucocyte cultures upon stimulation with 
IBR virus. It is of interest to note that the most effective inter­
feron inducer in those studies was virus-infected cells and not free 
virus (Babiuk and Rouse, 1976).
A third mechanism by which T cells mediate antiviral immunity by 
recruiting macrophages to sites of viral replication. This mechanism 
may be of great value to the host, since macrophages may take up 
herpesvirus and become activated. This further effect of T cells on 
macrophages results in virus inactivation (Me Farland, 1974). Acti­
vated macrophages are larger, more phagocytic and are.equipped with 
more comprehensive antimicrobial machinery.
None of these mechanisms has been shown to be operational in vivo in 
pigs infected with Aujeszky’s disease virus. There are, however 
several reports about the responsiveness showed by sensitized lympho­
cytes both in vivo and in vitro.
54
5.5 Tests used for the detection of CMI.
The presence of sensitized T lymphocytes in an infected or immunized 
animal may be determined by the evaluation of the activities of 
lymphocytes upon antigenic stimulation. The stimulation may be done 
in vivo or in vitro•
a) Skin tests.
The cutaneous test has been used in many viral infections as an 
indicator of CMI. The so-called "Delayed type Hypersensitivity 
reaction" (DTH) against ADV antigen has been described as a 
successful diagnostic method in experimentally infected pigs (Smith 
and Mengeling, 1977) and in naturally-infected pigs (Vandeputte and 
Pensaert, 1980). Rottinhaus and Hill (1980) however questioned 
the value of such diagnostic test, because of its lack of sensi­
tivity when compared with other tests. It is possible that the 
preparation of antigen may be critical to sensitivity because 
Scheraba et al, (1978) described the use of a nucleocapsid antigen 
with a very high sensitivity when tested in infected animals. An 
additional advantage was the absence of seroconversion in non­
infected animals.
b) Lymphocytes Transformation
Sensitized lymphocytes cultured in the presence of antigen display 
a proliferative response, similar to that caused by mitogenic 
agents such as concanavaline A or Phytohemagglutinin. Cellular 
proliferation can be measured by the uptake of ^H-thymidine.
Since the proliferate response of the culture depends on the 
activity of the antigen upon the sensitized lymphocytes, both 
antigen and cells concentration are critical factors. The method 
has been used several times for the detection of sensitized lympho-
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cytes (Rottinhaus and Hill, 1980) but the results could not be 
regarded as quantitative due to the unpredictable variations in the 
results (Van Oirschot, 1979b)* Day to day variations in the test 
are impossible to avoid because the amount of sensitized lympho­
cytes in a given population is not known and the intensity of the 
response to the stimulus is equally unknown. The test could be 
used on experimental basis but not as a diagnostic routine.
c) Macrophage migration-inhibition.
Immune lymphocytes produce a multitude of soluble factors 
(lymphokines) upon stimulation with antigen. Each of these 
lymphokines has specific activity. The presence of such factors in 
vitro is identified by the immobilization of macrophages. This 
method has been used to indicate CMI against several antigens 
(Thor et at, 1968). Migration inhibition of macrophages (MIF) by 
ADV-stimulated lymphocytes was first reported by Wittmann (1976) 
and later by Wawrzkiewicz et al• (1981). The former used a hetero­
logous system which included guinea-pig macrophages and reported 
MIF production by peripheral blood lymphocytes, thymus and lymph 
node cells.
d) Leucocyte Migration-inhibition (LMI).
Like macrophages migration inhibition, leucocytes migration inhi­
bition is a test based on the production of soluble mediators by 
sensitized lymphocytes after stimulation with specific antigen.
The LMI system is mediated by a leucocyte inhibiting factor (LIF) 
that inhibits the migration of polymorphonuclear leucocytes 
(Rocklin, 1976). Both of these lymphokines, MIF and LIF, are 
produced by T and B lymphocytes and are physically and chemically 
distinct from each other (Rocklin, 1974). The leucocyte migration
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inhibition test using the agarose plate technique is carried out 
either with lymphocytes and leucocytes from the same animal (direct 
techniques) or using leucocytes from a non-immune animal, mixed 
with sensitized lymphocytes stimulated with antigen* Gutekunst
(1979) developed a direct technique for evaluation of CMI in pigs 
experimentally infected with ADV* Later Chen et at. (1982) 
reported that the technique could be used for the detection of CMI 
after vaccination. The problem of the direct technique is the 
amount of blood which have to be collected from the vaccinated or 
convalescent animals, another inconvenience of all the migration- 
inhibition techniques is the fact that the evaluation system should 
take account of the varibility of cell migration shapes.
6. LATENCY IN ADV INFECTED PIGS.
A very important feature of the pathogenetic mechanims of ADV is the 
establishment of virus latency in organs of the Nervous system. This 
is a common feature with many other, members of the herpes family.
The basic steps required for latent infection to occur are: Mucocu­
taneous primary infection, colonization and acute infection of ganglia, 
followed by establishment of latency in neurons. The latent virus may 
be periodically reactivated and this is associated in some cases with 
the development of recurrent lesions (Klein, 1982). Each one of the 
steps in the process has to be clearly defined. According to Wildy et 
at. (1982); (a) There is an acute infection which may be localised or 
generalized; this is "primary infection". (b) There is apparent reco­
very but some virus remains in nervous tissue; this is "latency".
(c) Virus may be reawakened spontaneously or as a result of external 
stimuli; this is "reactivation", (d) The reactivated virus may initiate 
a peripheral lesion; this phenomenon is "recrudescence", (e) The whole
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phenomenon requires transfer of virus from the periphery to the sensory 
ganglion and back and this is believed to occur via the axoplasm by a 
process called "axonal transport", (f) Instances are described where 
virus reactivated and passes to a peripheral site but fails to cause a 
noticeable lesion, although it probably multiplies and can be isolated, 
this is "recurrence".
A great deal of knowledge about latency comes from studies with Herpes 
simplex virus (HSV) which has been studied both in the natural host 
(man) and in laboratory animals, such as, the rabbit, mice and guinea- 
pigs (Bastian et at. 1972; Baringer and Swoveland, 1974; Cook and 
Stevens, 1973 and Scriba, 1975). In spite of the fact that it is the 
most studied herpes virus there is still controversy about the state of 
the virus genome inside the cells of the nervous system. The dynamic 
state hypothesis suggests a low level of virus replication in the 
infected nervous cells and this hypothesis is supported by experiments 
in which virus infection was present in horaogenates of latently infecte 
dorsal root ganglia (Schwartz et at. 1978), and others in which virus 
was isolated from trigeminal roots in the absence of reactivating 
factor (Warren et at. 1982). The static state hypothesis argues that 
the viral DNA is present inside the infected cell but no virus repli­
cation takes place. Evidence in support of this comes from experiments 
in which latent infection has been established using temperature 
sensitive mutants in tissues whose temperatures are non-permissive for 
mutant replication (McLennan and Darby, 1980), and others in which HSV 
DNA was detected in latently infected tissue by kinetic-hybridization 
but no virus-specific RNA was found (Puga et at. 1978). In the experi­
ments of Rock and Fraser (1983), performed using DNA hybridization 
methods, it was concluded that the HSV DNA inside the latently infected 
cell is modified so that it exists in a form other than linear. This
experiment could be considered clear enough to support the static state 
hypothesis but it should be remembered that it was performed with cells
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from the Central^Nervous System (Brain stem). Latent infections of 
peripheral nervous tissues which are characterized by the ability to 
recover infectious virus from explant cultures could have a different 
sort of virus persistance.
Latent infection in ADV-infected pigs has been studied by comparison 
with other herpesvirus infections such as, HSV in mice or IBR in cattle. 
There are some important differences among the results using different 
experimental models.
ADV can reach the cells of sensory ganglia either by axonal transport 
or by the haematogenous route. Axonal transport was reported by 
McCraken and Dow (1973). They found virus particles in the axoplasm of 
neurons located at the spinal ganglia 96 hours after subcutaneous 
infection. Particles in the axoplasm varied in morphology and unenve­
loped particles and particles in the process of acquiring an envelope 
were all recognised. On the other hand, mice inoculated with ADV in 
the footpad, had virus in dorsal root ganglia, despite the sectioning 
of the sciatic and femoral nerves (Field and Hill, 1974). It appears 
therefore that, as in HSV infection, axonal migration is the preferred 
route for colonization of sensory ganglia by ADV. Under certain circum­
stances, however, the virus may use alternative routes to reach the 
ganglion (Klein, 1982).
Latency in ADV infected pigs has been demonstrated in cells of the 
trigeminal ganglia by; Complementary RNA-DNA hybridization (Gutekunsk, 
1979; Gutenkunsk et at• 1980), DNA-hybridization or reassociation 
kinetics (Rziha et at, 1981), in situ DNA hybridization (Rziha et at.
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1984) and the isolation of infectious virus by coocultivation tech­
niques after corticosteriods treatment (Gutekunsk et at. 1980), The 
fact that nuclei acid hybridzation methods have been more successful 
than virus isolation could indicate that the ADV-genome is not in an 
infectious state (Gutekunsk, 1979; Rziha et at. 1984), The experiments 
conducted by Ben-Porat et at, (1984) in relation to such questions were 
not conclusive, but they suggested that in latently infected ganglia, 
transcription of the viral genome does not occur, because viral RNA was 
not present in cells where virus DNA was detected.
Reactivation is perhaps the most controversial point of the latency 
phenomenon because; first, it is easily seen in some animal models, 
such as HSV infected guinea-pigs (Openshaw, 1984) or BHV-1 infected 
cattle (Narita et at, 1981) but not in others, such as HSV-infected 
mice (Wildy et at, 1982). Secondly; for some time the isolation of ADV 
from corticosteroid-treated animals was reported as detection of latent 
infection (Crandell et at, 1979; Wang et at, 1980) but in such experi­
ments isolation of virus from non-treated control animals was not 
attempted, it is not right therefore to consider such experiments as 
proof of latency. The spontaneous reactivation of latent virus has 
been reported in HSV-infected guinea-pigs (Scriba, 1975), IBR-infected 
cattle (Hyland et at, 1975; Bitsch, 1984) and ponies infected with EHV1 
(Burrows and Goodridge, 1984). The only report of virus reactivation 
in ADV-infected pigs without drug treatment concerns a primiparous sow 
during the postparturient period (Davies and Beran, 1980). The fact 
that the virus was shed during a time when the animal was undergoing a 
period of profound hormonal imbalance makes it doubtful whether this 
case should be regarded as "spontaneous" shedding. Stimuli that pro­
voke reactivation and recrudescence in HSV infection in man have been 
known for a long time. For example, pyrexia (Warren et'at, 1940)
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sunburn and UV light (Wheeler, 1975) and skin trauma (Hill et at. 1978) 
all have this effect of occasions. Some other ways of reactivation 
have been tested under experimental conditions where the stimulus may 
be measured and controlled. Sekizawa et at. (1980) achieved HSV 
reaction in infected mice by cyclophosphamide treatment and X-ray 
irradiation. The same result has been accomplished by burning with 
solid CO2 (Openshaw et at, 1979) and UV treatment (Blyth et at, 1976). 
All these experiments were performed in mice, but ADV does not induce 
latency in mice (Tenser et at, 1983) and all attempts to study ADV 
reactivation have been done in pigs using techniques which have proved 
to be effective in causing reactivation of other herpesvirus in the 
natural host. The reactivation of BHV-1 in infected cattle has been 
accomplished under experimental conditions by corticosteroids treatment 
(Davis and Duncan, 1974; Ackerraann et at. 1982).
Attempts to induce ADV reactivation in pigs using the same treatments 
which produce shedding of virus in HSV-infected human beings or BHV-1 
in cattle were not successful at first. Me Ferran and Dow (1964) 
failed to reisolate virus after anaphylactic shock, and so did Sabo and 
Rajcani (1976) after the injection of hydrocortizone. More recently, 
the use of large doses of corticosteroids induced virus shedding in 
experimentally infected animals (Wittmann et at. 1983; Van Oirschot and 
Gielkens, 1984). Reactivation of ADV has been studied both in vitro 
and in vivo. Negative results in virus isolation tests, performed with 
tissues from non-treated animals and positive results with tissues from 
corticosteroid-treated animals is considered as evidence of virus 
reactivation in vitro. In vivos the presence of infectious virus in 
nasal and pharyngeal exudates of treated pigs provides proof of reacti­
vation (Wittmann et at. 1983).
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The term recrudescence may not be properly used in ADV infections 
because the production of lesions after reactivation has not been 
evaluated. There is no reason however, to believe that the virus does 
not infect and replicates exactly as it does during the primary infec­
tion, but the lack of a specific, clinically apparent, lesions makes it 
difficult to compare with HSV infections.
Like HSV-1, ADV may induce a latent infection in spite of neutralizing 
antibodies. It has been concluded therefore that neither vaccination 
nor maternal protection can abrogate the establishment of ADV latent 
infection. >
There are aspects of the latent ADV infection which require investi­
gation. The duration of the primary infection with active virus 
replication before reaching the latent state inside the nervous cells, 
and the possibility of latent infection in other tissues besides the 
trigeminal ganglia and the conditions which are likely to produce 
virus reactivation in the field, both require further study.
7. THE SOW AS THE SOURCE OF INFECTION
Infection of mature swine with Aujeszky's disease virus constitutes and 
important problem. Although the mortality rate is low, rarely exceeding 
5%, breeding females are eventually in contact with the most vulnerable 
sector of the population: the young piglet. AD infection among pregnant 
sows can be economincally one of the most devastating forms of the 
disease.
Infection in breeding stock may result in one or more of the following 
three syndromes: (1) infertility (2) reproductive loss and (3) neo­
natal mortality. Infertility may be due either to poor semen quality, 
which results from acute infection in boars (Brooks, 1983), or to
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resorption of the embryo in the early stages of pregnancy (Gustafson,
1981). Reproductive failure and neonatal mortality often occur together 
and the preponderance of one or the other depends upon several factors, 
including stage of gestation at infection and virulence of the virus 
strain involved.
7.1.1 Gestational age at infection
The gestational period in swine is 114+2 days: this period can be 
divided into three main phases:
(1) The embryonic phase: during the three weeks following conception 
the pig embryo develops a trophoblast (primitive placenta) and becomes 
attached to the inner wall of the uterus (endometrium). This is the 
stage at which morphogenesis and organogenesis starts (Patten, 1948).
(2) Early fetal stage: from approximately day 35 of gestation the pig 
fetus becomes attached to the endometrium through the placenta, which 
is of the epitheliochorial type. At this stage some of the skeleton 
structures are already distinguishable, and many organs have assumed 
their final shape (Wrathall, 1972).
(3) Late fetus stage: after 75 days of gestation the fetus is comple­
tely formed and growing in size.
ADV infection in the pregnant sow may affect the fetus either directly, 
through transplacental infection, or indirectly as a result of the 
clinical disease experienced by the sow, e.g. through fever, anorexia 
and depression. Infection during the embryonic phase may cause resorp­
tion of the embryos terminating pregnancy (Gustafson, 1981; Kluge and 
Mare, 1978). Infection during the second trimester of gestation, or 
early fetal stage, may lead to abortion or mummification of fetuses, 
with the former as preponderant feature (Kluge and Mare, 1974; Mare et 
at. 1976). Akkermans et al. (1975) described two forms of abortion;
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one where all the piglets had the same appearance and looked fresh, and 
a second in which piglets died at different stages of gestation. Some 
fetuses were mummified or macerated and other were born alive. In the 
first case the abnormalities were due to intrauterine infection of the 
fetus with the virus. ADV could sometimes be isolated from fresh 
fetuses. Infection in the third trimester (i.e. after 76 days of 
gestation) seldom leads to abortion; the commonest feature is the birth 
of weak piglets or mummified fetuses (Mare et at, 1976; Kluge and Mare, 
1978; Gustafson et at, 1969) and sometimes mummified fetuses and live 
piglets are delivered in the same litter (Kojnok 1975; Gustafson et 
at, 1969) and occasionally the gestation proceeds beyond the expected 
farrowing date (Gordon and Luke, 1955).
7.1.2. Virulence of the virus strain.
It has been stated that the virulence of the virus strain may influence 
the morbidity and mortality rates (Baskerville et at, 1973) and there 
are some features of the infection in pregnant swine which suggest that
the outcome is a characteristic of the particular strain involved. The
ability to cross the placenta and infect the fetus has been considered 
to be a particular characteristic of some strains because, while in 
Hungary ADV had been frequently isolated from naturally occurring 
abortions, ADV was not isolated from such episodes in USA until 1975, 
when change in the virus apparently occurred (Csontos et at, 1962;
Kluge and Mare, 1974; Mare et at, 1976). The same de novo acquired 
ability was reported in Taiwan (Hsu et at, 1979)
Transplacental infection has been reported on the grounds of positive 
virus isolation from aborted fetuses (Hsu et at, 1979) the presence of 
ADV antigen in tissue, detected by the fluorescent antibody test
(Wohlgemuth et at, 1978) or solely the presence of characteristic
lesions in fetal tissues and placenta (Hsu et at, 1981). Even among
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strains which do cross the placenta there are identifiable differences. 
For example, Csontos et at, (1962) reported virus isolation from 
aborted fetuses many of which had undergone varying degree of autolysis, 
while Akkermans et at3 (1975) concluded that virus could be isolated 
only fromthe non-autolysed aborted fetuses. The character of histo- 
pathological lesions also varies a great deal, Hsu et at. (1980) repor­
ted coagulative necrosis in liver, spleen and adrenal glands of 15 out 
of 16 aborted fetuses examined. These same lesions were present only 
in two out of eleven experimentally infected piglets in an earlier 
study (Gordon and Luke, 1955). Furthermore Kluge and Mare (1978) 
reported that in fetuses from experimentally infected gilts killed at 
different times after infection, ADV was isolated from the liver of a 
fetus which did not show lesions, while lesions were present in the 
liver of a fetus taken from a gilt killed 13 days after infection and 
from which no virus was isolated.
The fetopathogenicity of two artificially attenuated strains (BUK 624 
and TK900) was compared by Jamrichova et at• (1971) by inoculating each 
directly into 88 day old fetuses. Strain BUK 624 proved to be rapidly 
fatal for the experimentally infected fetuses within 14-21 days, four 
of the six infected fetuses were mummified. No virus was isolated from 
mummified fetuses. Virus was isolated from several tissues collected 
from the directly-infected non-mummified fetuses and all the other 
fetuses from the litters which evidently became infected by contact.
The widespread distribution of ADV in the in-contact infected fetuses 
suggested that the fetal membranes and the blood stream play an impor­
tant role in the multiplication and transport of virus from one fetus 
to another. Production of fetal antibody in response to infection with 
this strain was not detected. The second strain (TK 900) differed from 
the first in that all the fetuses infected either directly or by contact
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survived the infection. In one litter of fetuses collected 14 days 
after infection, virus was isolated from fetal membranes and fluids in 
directly infected fetuses and from the same tissues plus liver and 
lung in the litter-mates which got the infection by in-contact exposure.
The two directly inoculated fetuses developed neutralizing antibodies 
(titres 1:8 and 1:12). In the other litter which was collected 21 days 
after infection two piglets were directly inoculated with 10^ and 10  ^
TCID50 respectively, virus was not recovered from any organ of these or 
three in-contact fetuses. Neutralizing antibodies were present only in 
the fetus infected with the highest dose of virus. It was demonstrated 
that the highly attenuated strain was very limited on its replication 
and even a direct dose of 10 TCID^q directly inoculated failed to 
evoke a humoral response against ADV.
The ability to cross the placenta and the fetopathogenicity of a parti­
cular strain may be two different properties, Brooks (1983) reported 
transplacental infection in four intranasally infected gilts which 
aborted 4-15 days post-infection, but eight pregnant gilts infected by 
the intrauterine route with the same strain shed virus but did not 
abort. There may be many other factors which influence the outcome of 
the disease in pregnant swine. Transplacental infection is a variable 
consequence; in gilts experimentally infected with the Indiana strain 
of ADV only two out of eight showed evidence of transplacental infec­
tion (Mengeling et al• 1981). Similar results were earlier reported by 
Mare et al. (1976) and Kluge and Mare (1978). Not withstanding this, 
the effects of ADV upon the fetus can be devastating even in the 
absence of transplacental infection (Gustafson et al. 1969; Kluge and 
Mare, 1978).
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7.2 Congenital infection
Virus infections in-utero not only interfere with fetal development and 
survival but can also have consequences in postnatal life. The effects 
of intruterine infections may be identified as dysgenesis resulting in 
anatomical lesions, or disorders of metabolism which are lethal, or by 
an inability to mount an adequate immune response, leading to death or 
disease. The sequelae to such infections depend primarily on the time 
of gestation at which infection occurred, and the pathogenicity of the 
virus involved. Both factors have been studied in two virus infections 
in swine, in which congenitally infected viable piglets are produced; 
Classical Swine Fever and Porcine Parvovirus.
7.2.1 Immunological tolerance.
The phenomenon whereby antigen and lymphoid system interact under 
specific circumstances so as to impair the capacity of the lymphoid 
system to respond to that antigen was described among others by Traub 
(1938). Later Burnet and Fenner (1949) suggested that an antigen 
introduced into the body during embryonic life before the immune 
apparatus has developed would be mistaken for 'self1 and would not 
evoke antibody formation either then or if reencountered later in 
life. Immune tolerance to nonself antigens is called "acquired 
tolerance", in contrast to the phenomenon of spontaneous tolerance to 
self antigens "natural tolerance". The Burnet's theory (clonal selec­
tion) (Burnett, 1959) may still explain some types of tolerance but 
more recent studies have identified tolerant situations that require a 
different explanation. Other theories which have been experimentally 
proved are: a) The role of suppressor T cells (Gershon and Kondo, 1971) 
suppressor T cells may prevent recognition of antigen, inhibit antigen- 
induced metabolic changes in B cells, limit the extent of proliferation 
of B cells, or block the differentiation of B cells to antibody-
secreting cells. Suppressor T cells may also limit the activity of 
other T cells, b) Feedback inhibiting antibody production. It has 
been suggested that the immunological activities of T cells can be 
blocked by antigen-antibody complexes (Gorezynski et al• 1974).
c) Anti-idiotype antibody. The antigenic determinants specific for a 
given antibody are termed "idiotypes". Idiotypes may also be immuno­
genic, the production of auto anti-idiotypes may serve to block or 
otherwise control the immune response to a given antigen then producing 
tolerance. Anti-idiotype sera are able to block T cell functions in 
experimental systems. It is postulated that the presence of a small 
amount of such anti-idiotypes (undetectable by most techniques) are 
responsible for the maintenance of self tolerance. According to Sell
(1980) no single theory can explain all the natural and experimental 
phenomena that are grouped under the umbrella of tolerance. Different 
mechanisms may explain different phenomena or more than one mechanism 
may be operative in a given situation. With regard to congenital 
infection it is the possibility of recognition of the infecting virus 
as 'self' which should be carefully considered.
7.2.2 Ontogeny of the immune response in the pig.
The development of the immune response in pigs is particularly impor­
tant since there is no passive transfer of immunoglobulins from the 
mother to the fetus (Brambell, 1970) due to the epitheliocorial placen- 
tation (Amoroso, 1961). In the absence of an antigenic stimulus there­
fore the pigs are born virtually agammaglobulinaemic. Horlein (1957) 
reported that newborn piglets were able to produce specific antibodies 
against diverse antigens. Furthermore specific antibodies against 
Swine influenza virus were found by Mensic and Franz (1968) in piglets 
born to immunized dams. Fetal antibodies were sensitive to the action 
of 2-Mercaptoethanol, while maternal antibodies were not, suggesting a
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primary immune response by the fetus; however there was no information 
about the time of exposure* Sterzl et at, (1965) detected haemolytic 
antibody in newborn piglets after intra-uterine immunization with sheep 
erythrocytes a month before term i.e. 84 days of gestation* In order 
to investigate the earliest time at which antibodies could be produced 
Bourne et at, (1974) inoculated pregnant gilts with PPV at different 
times of gestation from 15 to 80 days. Specific antibodies were 
present in piglets whose dams were infected from 58 days of gestation 
onwards. The immunoglobulins involved were isolated and characterised 
and it was shown that the main immunoglobulin was 19s IgM with smaller 
amounts of 7s, IgG, 19s IgG, 4s IgG and 7s IgA. The immunocorapetence 
of the porcine fetus was studied by Binns (1967) using a different 
parameter. He injected fetuses with allogenic lymphoid cells at 60, 80 
or 104 days of gestation and grafted skin from the cell donor at 10-12 
days after birth. This resulted in immunological tolerance and runting 
in the 60 day-old fetuses. None of this age showed evidence of sensiti­
sation; but similar doses sensitised 80-104 days-old fetuses and newborn 
piglets as revealed by accelerated rejection of skin allografts. Pigs 
were apparently more strongly sensitised by allogenic cells injected at 
104 days of gestation or at birth than at 80 days of gestation, because 
in the former two groups there was a deficiency of vascularization of 
the subsequent skin graft. Nevertheless sensitisation also occurred 
in some pigs at 80 days of gestation and accelerated rejection of the 
skin grafts was manifested as early as 4 days after post-natal grafting, 
as in the other groups. The degree of sensitisation might be related 
to the amount of lymphocytes bearing surface Ig because the proportion 
of such lymphocytes increased rapidly between 70 and 80 days of ges­
tation (Binns and Symons, 1974). More recently Prokesova et at,
(1981) using autoradiographic techniques detected Immunoglobulin-
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forming cells in pig fetuses from day 38 of gestation. The investi­
gation started at 38 days because this was the earliest stage at which 
peripheral lymphocytes could be detected. The formation of all three 
major immunoglobulin classes IgG, IgM and IgA were seen during this 
period. The proportion of Ig-forming lymphocytes was very low but it 
increased sharply after day 60 of gestation to levels close to that in 
newborn piglets. Symons et al• (1983) provided further evidence for 
the immunocompetence of the pig fetus. The immunological competence 
of fetuses (85 days of gestation), newborn and older piglets was 
assessed by the ability to make heterogenous IgG antibody to dinitro- 
phenyl (DNP) hapten. Piglets of all three ages produced isoelectri- 
cally heterogenous antibody which did not become more diverse either 
with repeated immunization or with increasing age. This demonstrates 
that by 85 days of gestation the pig fetus is capable of mature response 
to an antigen which is T-dependent in rodents.
7.2.3 Congenital infection in Swine Fever.
Swine fever virus is a member of the Togavirus family and the Pestivirus 
genus, it is a highly contagious, often fatal disease of pigs, charac­
terised by fever, apathy, vomiting, eye discharge, diarrhoea and 
cutaneous haemorrhages. Strains vary in their virulence (Enzmann and 
Weiland, 1978). The virus is able to cross the placenta and infection 
of pregnant sows usually leads to abortion and frequently maternal 
death. Transplacental infection with strains of low virulence produces 
congenitally infected piglets which show a range of abnormalities 
(Frey et at. 1980). Meyer et al• (1981) reported high mortality among 
piglets which as a result of transplacental infection were born 
viraemic. There were more viraemic piglets in litters born to sows 
infected at 68 days of gestation than in litters born to sows infected 
at 88 days gestation. Several abnormalities have been reported in the
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immune response of these piglets. Hermanns et al• (1981) infected 
groups of sows at 40, 70 and 90 days of gestation. The litters born to 
sows infected at 40 days of gestation showed the highest rates of 
aborted, mummified or stillbirth piglets. The proportion of weak 
piglets born was higher in litters from sows infected at 70 days than 
in litters from sows infected at 90 days of gestation. Some of the 
persistently-infected piglets showed active IgM synthesis but not IgG 
synthesis. Immunological tolerance to Swine Fever virus was reported 
by Van Oirschot (1979d). Twelve litters born to experimentally infected 
sows were studied, the sows were infected at 40, 65 ot 90 days of 
gestation only one pig had antibody to Swine fever virus at birth. 
Congenitally infected pigs (n=23) developed a persistent viraemia, but 
neither antibodies nor virus-antibody complexes were detected in plasma 
samples of these pigs after the disappearance of maternal antibodies.
The persistently infected pigs showed normal antibody response against 
sheep red blood cells. Eleven of these immunotolerant persistently 
infected piglets were born to sows infected at 40 days of gestation, 
other eleven to sows infected at 65 days of gestation and there was 
another one which was born to a sow infected at 90 days of gestation. 
This suggests therefore that the immunotolerance was not produced only 
in piglets which had contact with the virus before the onset of 
immunological competence. In a different experiment Plateau et al•
(1980) reported a high rate of perinatal mortality among piglets born 
to sows experimentally infected at different stages of pregnancy. A 
few pigs from sows that were inoculated during the first trimester of 
pregnancy survived and remained carriers of virus without developing 
antibodies. Richter-Reichhelm et aim (1980) reported a different 
immunological abnormality; sows were infected at 65, 85, 95 and 100 
days of gestation. Mummified and stillborn piglets were produced
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together with congenitally infected piglets in the litters born to sows 
infected at 65 or 85 days of gestation* No fetal death was recorded in 
the other two groups. The immunoglobulin content of presuckling plasma 
samples was determined, in the first group in which the dams were 
infected at 65 days of gestation all fetal sera contained IgG, the mean 
value being ten times higher than the value recorded in a non-infected 
control group. In the second group where the dams were infected at 85 
days of gestation the IgG content was also higher as compared to the 
control but in the other two groups (sows infected at 95 or 100 days of 
gestation) the IgG content in the fetal sera was not significantly
elevated. The specificity of the immunoglobulins however was question­
able because neutralizing antibody with low titre was demonstrated only 
in three out of 19 fetuses of the second group and two out of 16 of the 
last group.
Clearly congenital infection with SFV may produce impairment of the 
specific immune response which could vary from immune tolerance to a 
defective immune response.
7.2.4 Congenital infection in Porcine parvovirus infection.
The ability of porcine parvovirus (PPV) to cross the placenta has been
recognised since 1969 (Cartwright et al. 1969). The fetopathogenicity
of the virus strain involved is an important factor in the outcome of 
the congenital infection. Mengeling and Paul (1981) infected pregnant 
gilts with PPV on either the 56th or 70th day of gestation. In both 
cases there was a high rate of transplacentally infected litters but 
the mortality among infected litters was 48% after infection at 56 days 
and zero after infection at 70 days. Johnson and Collings (1971) using 
a strain of lower fetopathogenicity, infected gilts at various stages 
of gestation. Transplacental infection of the fetuses was demonstrated
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by the detection of specific anti-PPV antibodies in presuckling sera 
samples collected from piglets born to sows infected between 58 and 80 
days of gestation. Indirect evidence of transplacental infection was 
the fact that two litters born to sows infected at 15 and 18 days of 
gestation respectively did not show serological response to challenge 
in two occasions, suggesting the development of immunological tolerance. 
Rodeffer et at. (1975) reported damage to the lymphatic system in 
transplacentally infected piglets, leading to lowered immunity. In 
these piglets a three-fold increase in perinatal mortality was observed. 
The author is not explicit about the pathogenesis of the damage to the 
lymphatic system.
It is possible to conclude that strains of low virulence could produce 
immunotolerant piglets if transplacental infection occurs during the 
first trimester of gestation but congenital infection after 55 days 
of gestation leads to the production of a specific immune response.
7.2.5. Congenital infection with ADV.
There are two reports about ADV infection in-utero (Davies 1982; Mare 
and Kluge, 1974) both of them suggested that it was a possibility after 
demonstrating virus isolation from tissues of piglets which were killed 
within the first days of life. Neither report ruled out the possi­
bility of infection at birth. The first report (Mare and Kluge, 1974) 
is about the search for the cause of myoclonia congenita in a herd in 
Iowa. Three two day-old piglets were examined, ADV was the only 
infectious microorganism isolated, it was isolated from spleen cells 
suspension from one piglet and from lung cells suspension from another. 
The authors do not incriminate ADV as the aetiological agent for 
myoclonia congenita but raise the question whether ADV can infect the 
fetus causing myoclonia congenita in much the same way as the swine
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rever virus nas Deen snown to ao. m e  otner report ^uavles, i^b z ; 
describes the isolation of ADV from the brain of a newborn pig, there 
is no mention of the age of the piglet or the clinical status. The 
author emphasises the importance of such strains of low pathogenicity 
in causing seroconversion in herds without clinical disease.
The lack of information about in-utero infection with strains of low 
fetopathogenicity may be due to the fact that it is normally only when 
mummified fetuses or stillborn piglets are observed that virus isolation 
is attempted. No experimental work with low virulence strains have 
been done in pregnancy.
7.3 Infection in the newborn animal.
As mentioned above, ADV infection in pregnant sows may lead to abortion 
or mummification with or without transplacental infection. In most 
field cases a high proportion of litters are apparently normal at birth, 
particularly in sows where the contact with the virus happened after 
midpregnancy (Kluge and Mare, 1978; Gustafson, 1981). Occasionally a 
high incidence of neonatal mortality is the only clinical manifestation 
of the disease in a herd (Kojnok, 1965). There are several ways by 
which the virus may spread from the usual source of infection, which is 
an infected sow; ADV is detected intermittently in milk (Kojnok, 1957), 
but contact with the sow's nasal or vaginal secretions is another way 
in which transmission to the piglets occurs (Kojnok, 1965). In the 
absence of acute infection in the sow, contact of piglets with the 
virus is more likely to happen after birth and this has provided 
grounds for the implementation of measures for salvaging high quality 
genetic material from infected herds by methods such as, offspring 
segregation (Thawley et at• 1982), or embyro transfer (Bolin et at•
1982; James et at• 1983)• Each method has to be carefully executed. 
Offspring segregation requires repeated serological examinations at
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intervals, and the second could be used only when the active phase of 
the infection was over. Although the virus does not penetrate the 
outer covering of the embyro it could become adsorbed to it so that it 
might be passively transferred to the uterus of the recipient (Bolin 
et al, 1983)•
7.3.1 The Immunologic Significance of Colostro Against ADV Infection 
Because pigs possess an epitheliochorial placenta which does not allow 
transplacental passage of immunoglobulin, pigs are agammaglobulinemic 
at birth (Kim et al. 1966) thus transfer of maternal antibodies via the 
colostrum is essential for passive immunity. In the first 24-36 hours 
of life, colostral immunoglobulins are absorbed through the small 
intestine of the piglet as intact molecules and give rise to high 
circulatory immunoglobulin levels which reach a peak 24 hours after 
birth (Curtis and Bourne, 1971). All colostral IgG and a high 
proportion of IgM are derived from serum as is 40% of IgA. Thus it 
would appear that colostrum is not a true secretion since 90% of its 
immunoglobulin content is of serum origin, this situation provides the 
equivalent to the transplacental passage of IgG antibodies in humans 
(Bourne and Curtis, 1973; Saif and Bohl, 1979). The character of the 
immunoglobulins content of the mammary gland changes rapidly after 
colostrum formation is over. The IgG concentration falls and becomes a 
minor component of milk, while IgA now assumes the role of the major 
immunoglobulin class. Bourne and Curtis (1973) showed that 90% of the 
IgA and IgM and 70% of the IgG in milk of sows is locally derived.
The protective role of colostrum was established by Kojnok and Surjan 
(1962). Mortality rates were lower in litters born to sows with 
circulating antibodies than in litters born to sows without detectable 
levels of antibodies. The protection observed however, varied within
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litters, (Kojnok, 1965). In an attempt to correlate maternal antibody 
levels with protection against challenge in the piglets, McFerran and 
Dow (1973) measured the antibodies present in the colostrum of sows, 
while recording the mortality in their litters. After experimental 
infection on the third day of life. The results showed a negative 
correlation between maternal antibody titres and mortality. It was 
interesting to note that in spite of the maternal antibody all the 
infected piglets excreted virus for up to 20 days after challenge.
The passive transfer of specific antibody from sow to piglet via 
colostrum has been reported on several occasions (Kojnok, 1975;
Leeuw et al• 1982; Sorodoc and Koch, 1983) but the possibility that 
sensitized lymphocytes are one of the protective elements in immune 
colostrum was not studied. The presence of the full repertoire of 
lymphocytes in mammary gland of parturient sows was reported by Salmon 
and Delouis (1982) and the reactivity of mammary gland lymphocytes 
against a specific antigen was reported by Evans et al. (1982). In the 
latter case, sows were immunized with ovoalbumin, but the reactivity of 
colostral lymphocytes against infectious agents was reported by Parmley 
et al• (1976) their studies were performed with women*s colostral 
cells. The protective role of colostro from ADV infected sows there­
fore, should not be restricted to antibodies.
Other aspects of the maternal protection which required attention is 
the possibility of interference between colostral antibody and antigen 
leading to a defective immune response. Although the degree of immuno­
logical unresponsiveness has not been properly evaluated, it has been 
reported that piglets free of passively acquired antibody respond 
better to vaccination than piglets reared to immunized dams (Tielen 
et al, 1980; Vasilev et al, 1982). The effect of colostral antibodies 
upon the active immune responsiveness of the offspring has been studied
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in several models; For example, newborn mice with high titres of 
maternal antibodies against sheep red blood cells showed an inhibited 
development of plaque forming cells against the same antigen (Yamaguchi 
et al. 1983), In pigs the regulation of the immune response in neo­
natal piglets by maternal antibody was studied by Muscoplat et al. 
(1977). These workers evaluated the in-vitro response to the complex 
multideterminant antigen; trinitrophenylated-sheep erythrocytes 
(TNP-SRBC). It was found that passively acquired maternal antibody 
would completely inhibit the in-vitro primary immune response to SRBC 
while leaving the response to TNP intact. These results suggested that 
maternal antibody was regulating the in-vitro response at the B-cell 
level, since T-cell helper activity could not have been inhibited in 
order for an anti-TNP response to have occurred. The observation that 
T-cells are resistant to the effects of passive antibody had been 
reported previously (Liew and Parish, 1972).
There are thus two mechanisms by which the passively acquired maternal 
antibodies may influence the humoral response in the piglets: (1) The 
time at which synthesis of immunoglobulins started was inversely 
related to the amount of passively acquired immunoglobulins. This feed­
back mechanism was class-specific (Klobasa et al. 1981). (2) The
humoral immune response against a specific antigen may be reduced by 
elimination of antigen after combination with the maternal antibodies 
(Muscoplat et al. 1977).
With regard to ADV infection; colostrum-deprived piglets orally 
infected with an attenuated ADV strain showed neutralizing antibodies 
in serum 7 days after infection (Hajek and Mandel, 1971), while piglets 
born and reared to immune sows showed a steady decrease in passively 
acquired antibodies, after infection on the third day of life (McFerran 
and Dow, 1973). Whether these delayed immune responses in passively
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protected piglets were due to the first or second mechanism of immuno­
logic regulation was not determined.
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Ill Development of methods for study of the immune response 
to Aujeszky's Disease Virus infection.
Viruses are obligate intracellular parasites and their efficient 
elimination from a host requires that continuing intracellular virus 
replication be prevented. The most common way of achieving this is 
through destruction of virus-infected cells via one of a number of 
immunological mechanisms (Oldstone et al. 1980). During infection, 
Aujeszky's Disease Virus (ADV) produces a number of macromolecular 
antigens which elicit a host immune response. The interaction between 
virus-infected cells and the immune response is an essential feature of 
ADV infection which must be considered in attempting to understand it. 
Several methods have been applied to the detection of humoral or 
cellular immune responses in pigs, both naturally infected with ADV and 
vaccinated. Each one of these methods provides information about the 
immune status of the animals and for diagnostic purposes or vaccine 
evaluation this may be enough, but to achieve a better understanding 
of the immune responses it is necessary to employ several different 
approaches simultaneously.
This chapter records the development or implementation of five immuno­
logical methods which provide different types of information about the 
specific anti-ADV immune response.
Materials and Methods
1. Experimental animals (Part 1)
Five 10 week-old large white X Landrace pigs were used. Three animals
2 5were infected intranasally with 10^#J TCID^q. the other two were 
left as uninfected controls. The animals were challenged intranasally 
56 days after infection with 10^ TCID^q. All animals were bled at 
intervals and their sera tested for presence of neutralizing antibody 
by SNT. These sera were also utilized for the development of the
specific anti-IgG and anti-IgiM ELISA test. In addition, these animals 
were used in the development of the lymphocyte transformation technique.
2. Experimental animals (Part 2)
For the evaluation of cell-mediated immune responses by the lymphocyte 
transformation technique and in order to develop the Antibody-Dependent 
Cellular Cytotoxicity (ADCC) technique, four 11 week-old large white
o
pigs were infected intranasally with 4X10 J TCID5Q of virus. Fourteen 
days after infection two non-infected littermates were introduced. Two 
pigs of similar age and condition were kept as non-infected controls 
throughout the experiment. All eight animals were bled at intervals 
during this period.
3. Serum Neutralization Test (SNT)
The test was performed by the microtitration methods using flat- 
bottomed microtitre plates. Pig embryonic kidney (PEK) cells were 
used for detection of un-neutralised virus. All sera were heat inacti­
vated (56°C 30 minutes) before testing. Sera and cells were diluted 
in modified Eagle*s minimal essential medium (MEM) containing 2mM 
L-Glutamine, 0.11 g/1 sodium pyruvate, 0.5 g/1 lactalbumin hydrolysate, 
1.18 g/lt sodium bicarbonate, 100 I.U./ml penicillin, 100 g/ml strepto­
mycin, 20 I.U./ml mycostatin and supplemented with 10% fetal calf 
serum. The test was carried out by mixing 0.025 ml of doubling dilu­
tions of sera with an equal volume of complete medium containing approxi­
mately 100 TCID50 of ADV and incubated at 37°C for one hour. After 
incubation, 0.050 ml of a PEK cells suspension (3X105/ml) were added 
to each well. At least four wells were used per serum dilution.
Plates were sealed and incubated at 37°C in an atmosphere of 5% CO2 
for 5 days, and read for cytopathic effect on the third and fifth days.
A negative serum and a positive serum of known titre were included as 
controls. Titres were determined by the Reed and Muench method (Reed 
and Muench, 1938).
80
4. Enzyme-linked Immunosorbent Assay (ELISA) for the detection of 
anti-ADV IgM and anti-ADV IgG.
The indirect ELISA described by Todd et al. (1981) for the detection of
anti-ADV antibodies was used with some modification.
4.1 Antigen preparation
Monolayers of Vero cells in 800 ml flasks were grown in special MEM 
medium containing 10% fetal calf serum. Cultures were washed twice 
with 0.01M phosphate buffer pH 7.4 containing 0.15M sodium chloride 
(PBS). Half the cultures were infected with 10  ^TCID^q of ADV, and 
overlaid with 100 ml of MEM without serum. The cells were harvested at 
maximum cytopathic effect, usually after 24 to 36 hours. The harvested 
culture fluid was centrifuged at 100 g for 20 minutes, and the depo­
sited cells resuspended in 10 ml of 0.01M PBS pH 7.2, subjected to two 
cycles of freezing and thawing and sonicated to release the virus. 
Cellular debris were removed by centrifugation at 1500g for 20 minutes. 
The supernatant was then centrifuged at 65,000g for 90 minutes. The 
pellet was resuspended in 15 ml of 0.01M bicarbonate buffer pH 9.6.
The control antigen was prepared in the same way using uninfected 
cultures and scraping the cells off the vessel wall. Virus and control 
antigen solutions were dispensed into 0.1 ml aliquots and stored at 
-70°C until required.
4.2 ELISA procedure
4.2.1 Buffers, conjugates and plates
Coating buffer Carbonate/bicarbonate 0.01 M pH 9.6
Na2C03 0.424 g
NaHC03 0.593 g
distilled water to 1 litre
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Washing buffer PBS 0.01 M pH 7.2 (PBS tween)
KH2PO4 0.385 g
K2HPO4 1.248 g
NaCl 6.375 g
Tween 20 0.50 ml
distilled water to 1 litre 
Serum and conjugate diluent buffer 0.01 M pH 7.2 (ELISA Buffer)
Na2HP04 2H2O 1.374 g
NaH2P04 2H2O .362 g
NaCl 28.95 g
Tween 20 0.5 ml
0.1 M Na EDTA 10 ml
Casein 5 g
distilled water to 1 litre
Substrate buffer Phosphate/citrate buffer pH 5.0
0.1 M Citric acid 24.3 ml 
0.2 M NaHP04 25.7 ml
distilled water 50 ml
The coating procedure is based on hydrophobic interations between 
proteins and plastic, once allowed to happen such interactions are 
essentially, irreversible in order to avoid the attachement of immuno­
globulins to the plastic rather than to their antigens. 0.05% of tween 
20 is added to the washing and working buffer, additionally the unre­
lated protein; casein in this case in the diluting buffer minimize 
non-specific interactions.
Two conjugates used were: Rabbit anti-swine IgG (Nordic Immunology) and 
Rabbit anti-human IgM heavy chains (Dako Immunoglobulins) both of them 
were conjugate to horseradish peroxidase. The working dilutions of
these conjugates were determined as described by Voller et al. (1976).
The tests were carried out in Microtest flexible assay plates (Falcon 
3912). ADV and control antigen were diluted in coating buffer, dis­
pensed as required and the plates incubated at 4°C in a humidified 
box for a minimum of 16 hours.
4.2.2 In order to determine the antigen concentration to be used in 
the test a checkboard titration was carried out
ADV and control antigen were diluted in coating buffer to 1:20, 1:40, 
1:80, and 1:60 the dilutions were dispensed in the following arrange­
ment 1:20 lines A and E, 1:40 lines B and F, 1:80 lines C and G and 
1:160 lines D and H. In every case ADV antigen was dispensed in rows 
1, 3, 5, 7, 9 and 11 and control antigen in the rest. Three sera 
samples of known SNT titre were diluted 1:30 and 1:60, the titres of 
the sera were 64, 4 and 2, each sera dilution was tested in two sets of 
positive and negative wells.
4.2.3. Test procedure (IgG detection)
After the required incubation time for coating, the plates were washed 
twice with PBS tween 20 and 0.1 ml of serum was dispensed on each well, 
the plates were incubated at 37°C for 60 minutes. The sera dilutions 
were discarded and the plates washed three times as before and 0.1 ml 
of rabbit anti-swine IgG peroxidase conjugate diluted 1:4000 in ELISA 
buffer was added to each well. The plates were incubated at 37°C for 
60 minutes before washing 5 times as before and 0.1 ml of substrate 
0.04% Ortho-phenylenidiamine with 0.004% hydrogen peroxide in substrate 
buffer was dispensed in each well. After leaving the plates in the 
dark at 37°C for 30 minutes the reactions were stopped by adding
0.025 ml of 2.5 M sulphuric acid to each well, the intensity of the 
colour developed was recorded by reading the plates at 492 nm in a
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Multiskan spectrophotometer (Titertek Multiskan MC)* using blanks 
containing substrate and stopping solutions only. ELISA values were 
expressed as the difference between the optical density readings 
recorded in positive and negative wells.
The optimum antigen concentration was determined as 1:80 because it 
showed clearly different values between the weak positive (1:4) and 
the negative (<2) sera samples and the values in the control antigen 
wells were lower than with 1:20 and 1:40 dilutions.
Since the strong positive serum diluted 1:30 produced a reaction of 
such intensity beyond the range of recording in the Multiskan MC, the 
effect of sera dilutions on the ELISA values was assessed by testing 
several serum samples diluted from 1:30 up to 1:480. For comparative 
purposes the sera of the experimentally infected animals were tested 
at 1:60. Once the antigen and conjugate dilutions were standarised 
the incubation times were adjusted without loss in sensitivity to:
30 minutes for sera and conjugate and 10 minutes for substrate.
4.2.4 IgM determination
For IgM determination a similar checkboard was carried out but 
two weak positive samples were used instead of a weak positive one and 
a strong positive one, because samples with high SNT titres were nega­
tive to IgM. Although there were not reactions with values outside the 
Multiskan range, the effect of sera dilution was studied using five 
samples with known IgM values. The conditions for the test were: 
antigen dilution, 1:80; sera dilution, 1:30; conjugate dilution, 1:250; 
sera dilutions incubation time, 60 minutes; conjugate incubation time, 
40 minutes; substrate incubation time, 10 minutes.
* Flow Laboratories
84
4.2,5 Positive-negative criterion
Routinely serum samples were tested in duplicate on diffferent plates. 
The average of the two results was considered to be the ELISA value. 
When the difference between these results was greater than the average 
value, the sample was tested again. The cut-off values were calculated 
by adding twice the standard deviation to the mean value of a represen­
tative population (n=30) of SNT negative sera (Confidence limits 95%). 
For IgG determination the values were X=96+38, X + 2SD = 172; for IgM, 
X= 10+25, X + 2SD, = 130 therefore values greater than 210 for IgG and 
140 for IgM were considered positive. (See Tables 1 and 2 in appendix)
5. Lymphocyte Transformation
5.1 Antigen preparation
Four 800 ml plastic bottles containing monolayers of Vero cells 
were infected with 10^*^ TCID^q of ADV, overlaid with 100 ml of MEM 
Supplemented with 2mM L-Glutamine, 0.20% NaHC03 and antibiotics. 
Forty-eight hours post-inoculation cultures were harvested by two 
cycles of freeze-thawing. The suspension was sonicated to release the 
virus, cell debris removed by centrifugation at 1200 g for 20 minutes 
and the virus pelleted from the supernatant at 65,000 g for 90 minutes. 
The pellet was resuspended in 10 ml of serum-free MEM. The control 
antigen was prepared in the same way, using uninfected cultures. Virus 
and control antigen were sonicated in order to produce a homogeneous 
solution before dispensing it into 0.2 ml aliquots which were kept at 
-70°C until used. The titre of this virus suspension was 107*9 
TCID5o/ml.
5.2 Lymphocytes, antigens, and mitogen preparation
Heparinised blood (4 ml) diluted 1:1 with PBS were layered onto 
3 ml of Ficoll-Paque* and centrifuged at 400 g for 35 minutes at room 
* Pharmacia Fine chemicals AB, Uppsala, Sweden
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temperature. After centrifugation the mononuclear cells at the 
interface, consisting of about 90% lymphocytes, were collected and 
washed once with PBS and once with RPMI 1640 medium containing: 2mM 
L-Glutamine, 0.25% NaH0C3 100 I.U./m/ml penicillin, 100 pg/ml 
streptomycin and 20 I.U./ml mycostatin. The cells were counted and 
the concentration adjusted to a final value of 2X10^ cells/ml for 
antigenic stimulation, or 1X10^ cells/ml for mitogenic stimulation.
The final cell dilution was made in RPMI 1640 containing 10% fetal calf 
serum. ADV and control antigen were diluted in RPMI 1640 10% fetal 
calf serum. The optimal concentration of antigen was determined by 
testing the following dilutions: 1:20, 1:40, 1:80, 1:160, 1:200, 1:2000. 
The virus was diluted 1:20 and inactivated by exposure of a thin layer 
of virus suspension in a plastic petri dish to a Ultra Violet (UV) 
disinfectant lamp 10 W** at a distance of 4 cm for 20 minutes, before 
further dilutions. In order to assess the viability of lymphocyte 
preparations obtained in this way and the practicability of the test 
conditions, a mitogen-stimulated control was included in every test.
The mitogen employed was 0.1% phytohemagglutinin P (Difco laboratories) 
in RPMI 1640 containing 10% fetal calf serum.
5.3 Lymphocyte transformation procedure
Lymphocyte cultures were set up in triplicate in round-bottomed micro- 
titre plates. Each culture consisted of 0.1 ml of lymphocyte suspen­
sion and 0,050 ml of ADV antigen or control antigen or Phytohemag­
glutinin (Pha). The plates were covered with loosely fitting lids and 
incubated at 37°C in a humidifier atmosphere of 5%C02* Cultures were 
maintained for 3 days for mitogenic stimulation and for 3, 4, 5 and 6 
days for antigenic stimulation. Sixteen hours before harvesting, the 
cultures were labelled with .001 mCi of (6-3h) thymidine (Amersham
** Philips, Holland.
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International) (specific activity 2 Ci/mM) in 0.050 ml RPMI 1640. The 
cells were harvested with 0.5% trichloroacetic acid aqueous solution 
with a multiple cell culture harvester* onto glass fibre filters. The 
filters were then dried and transferred to scintillation vials. Two ml 
of scintillation fluid^ was added to each vial Radioactivity was 
determined in a liquid scintillation counter-*• The ratio of thymidine 
uptake by stimulated cultures to the uptake by unstimulated cultures 
was taken as the stimulation index (S.I.).
6• Antibody Dependent Cellular Cytotoxicity (ADCC).
The detection of antibodies able to promote cellular cytotoxicity 
against target cells was performed using ADV-infected Vero cells as 
target cells and non-immune pig leucocytes as effector cells.
6.1 Target cells
Monolayer of Vero cells maintained in MEM supplemented with 10% fetal 
calf serum (FCS) were washed once and infected with 10^*^ TCID^q of 
ADV. The cells were incubated at 37°C for 1.5 hours for virus adsorp­
tion. Serum free MEM was then replaced. After incubation for 24-30 
hours at 37°C, 70% of the cells exhibited cytopathic changes. The cell 
sheet was detached using a solution of ATV (see appendix). The cells 
were washed once and the cell concentration adjusted in order to obtain 
a suspension containing 8-10 X 10& cells/ml. The cells were labelled 
by adding 0.6 - 1.0 mCi Chromium-51 (Sodium chroraate in aqueous solu-* 
tion; specific activity 350-600 mCi/mg) (Amersham International) to 
each ml of cell suspension. After one hour's incubation at 37°C with 
intermittent gentle agitation the cells were centrifuged, washed twice 
and resuspended in MEM with 10% FCS to a concentration of 10^ cells/ml.
1. Titertek (R) cell harvester, Flow laboratories.
2. Luma-Solve & Lipo-luma, Lumac Systems A.G.
3. Coru mat 2700, ICN tracvelab Division.
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6.2 Effector cells
Eight volumes of heparinised blood were mixed with one volume of 6% 
Dextran (mol. wt. 151,000) in 0.15M saline solution. The mixture was 
then left for one hour at 37°C to allow erythrocyte sedimentation, the 
leucocyte-rich supernatant was removed and centrifuged at 500 g for 
15 minutes. The cells were washed twice more, and resuspended in 
complete MEM with 10% FCS to the desired concentration in order to 
obtain the desired effector: target cell ratio. In order to obtain 
purified cell population, the leucocyte-rich supernatant was layered 
onto Ficoll-paque and centrifuged at 400 g for 30 minutes. More than 
95% of the cells collected at the interface were mononuclear cells as 
determined by Giemsa differential staining. The cells centrifuged into 
the Ficoll-paque were mainly polymorphonuclear cells. These cells 
were washed twice and resuspended in complete MEM with 10% FCS at the 
required concentration. A purified population of lymphocytes was 
obtained by incubating the mononuclear cells at 37°C for 60 minutes in 
a 22 mm wide glass column packed with glass beads. More than 95% of 
the cells released from the column after this time were lymphocytes, as 
determined by Giemsa differential staining.
6.3 ADCC Assay
The assays were carried out in round-bottom microtitre plates, hea"t 
inactivated sera were diluted in MEM, and each serum was tested in 
triplicate. Assays were set up using 0.1 ml of diluted serum and 0.1 
ml of target cells (10-4 cells/weel). The plates were incubated for 
1 hour at 37°C; 0.050 ml of effector cells were then added. Prelimi­
nary experiments were carried out in order to discover the optimal 
effector: target cell ratio the time of incubation required for the 
maximum possible specific lysis and the effects of the serum dilutions 
on the sensitivity of the assays. Controls routinely included in
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quintuplicate were: (1) target cells with 2% Triton X - 100 (100%
release), (2) target cells alone, (3) target cells with effector cells
(spontaneous release). In all cases the final volume was made up to
0.25 ml with MEM. The plates were sealed and incubated at 37°C in a
5%C02 incubator. At appropriate times, 0.1 ml of medium was harvested
from each well and radioactivity counted in a gamma counter*. Results
were calculated according to the formula:
cpm in test culture - cpm in SR culture
ADCC % = cpm in 100% release - cpm in SR culture
culture.
cpm = counts per minute SR; Spontaneous release
6.4 2-Mercaptoethanol treatment sera.
In order to assess the activity of IgM in the ADCC test, a collection 
of sera from experimentally infected pigs which IgM ELISA values were 
positive (n=20) were treated with 2-Mercaptoethanol (2-ME) and tested 
at the same final dilution before and after treatment. The treatment 
was performed as described by Eskildsen, (1975). The serum sample was
mixed with an equal volume of 0.06 M 2-ME in tris-buffer pH 7.0, and
incubated at 56°C for 20 minutes. During this incubation a fine preci­
pitate was formed. After freezing in alcohol at -20°C, and thawing, 
this precipitate was easily removed by low speed centrifugation. The 
clear supernatant was used in the test.
RESULTS
Part 1
The humoral response of the experimentally infected animals was 
evaluated by SNT and specific class ELISA Test. The meaning of the 
values of each one of the tests may be compared once the conditions and 
variations of each test are known, therefore the results of the sera- 
dilutions on the ELISA values are presented first.
* Gamma guard ICN Instruments Division.
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1.1 ELISA anti-IgG
15 positive sera samples with a varied range of titres in SNT were 
diluted and tested in the anti-IgG ELISA test. The dilutions did have 
an effect on ELISA values but it was not possible to work out a mean 
value and determine the dose-response curve because there were great 
variations in the values of "strong" positive samples and "weak" 
positive samples (Fig. 3.1). It was possible, however, to make groups 
which could be considered strong positives, medium positives and weak 
positives. The dilution 1:60 was chosen for the evaluation of the sera 
of the experimentally infected animals since some weak positive samples 
fell in the negative range when diluted 1:120.
1.2 ELISA anti-IgM
The sera used for the IgM dose-response curve determination were 
selected from samples (positive to SNT) collected before or at 20 days 
post-infection (P.I.). The anti-IgM ELISA test showed a similar 
decrease in values in correlation with the dilutions, but there was a 
clear difference between the strong positives and the weak positives 
(Fig 3.2). Since the O.D. values of the positive samples never were 
outside the recording range of the Multiskan MC, the sera dilution 1:30 
was chosen for greater sensitivity.
1.3 The humoral response
Specific antibody was first detected by ELISA test at 7 days PI.
Figure 3.3 shows the mean of the SNT titres and the ELISA values. The 
preinoculation results, the titres and values of the negative control 
animals are shown in Table 3.3 in appendix. The only values recorded 
in the graph (Fig 3.3), on day 3 PI, are those of IgM, because it was 
the only test which render values near to the positive range.' The 
presence of specific IgM in sera was evident on days 7, 12, 20 and 28
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PI. From day 42 onwards all the values were below the cut-off line 
(140). The IgG ELISA values did not show any significant decrease from 
day 12 PI up to day 56 when the animals were challenged.
The SNT test did not show any virus-neutralizing activity at the lowest 
serum dilution (1:2) on days 3 and 7 PI. Specific antibodies were 
detected from day 12 PI onwards. The higher values were recorded on 
days 21 and 28 PI, the titres decreased gradually but not at the same
rate in the three animals
After challenge both SNT and IgG values increased, the mean value of 
the SNT titres reached a value close to the highest mean titre recorded 
on day 21 PI, while the mean for IgG ELISA values increased up to a 
level higher than the previous peak. The anti-IgM ELISA values did not 
show any variation after challenge.
1.4 Lymphocyte transformation technique
The results of the lymphocyte transformation tests performed with these
animals were inconsistent, and because the antigen concentration and 
incubation time were modified more than once, the results were impos­
sible to evaluate. The results of the tests are presented in Table 3.4 
in the appendix. It was possible to see occasionally high stimulation 
index (SI) values, but there were some high SI values in cultures of 
non-immune animals too. The day to day variation of the test made 
difficult to assess the optimum incubation time, but providing that 
the best specific SI value for antigen stimulated cultures was recorded 
after an incubation period of 4 days. It was decided to use a 1:80 
antigen dilution and 4 days of incubation for the lymphocyte transfor­
mation test in the second experiment, considering that whenever possible 
a close antigen dilution (1:40 or 1:100) could be included in order to 
improve the chances of a higher SI value.
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Part 2
Four of six experimentally infected animals died on days 6,7 and 9 PI, 
It was, however, possible to follow the course of the immune response 
in two pigs; one intranasally infected (Pig No 391), and one in-contact 
infected (Pig No 389),
2.1 Lymphocyte transformation test
In order to determine the cut-off point for the SI Values a mean was 
calculated from the SI Values recorded by all the infected animals in 
day 0 and the SI values showed by at least two non-infected animals 
which were included in every test. The SI values are presented in 
Table 3.1, the mean was 1.09, S.D.=.28. The S.D. was twice added to 
the mean and the result was 1.65, it was, therefore, considered that 
95% of a negative population would lie below 1.7. Fig 3.4 showe the 
SI values recorded with lymphocytes from the two infected animals. 
Positive values were recorded from day 12 PI onwards.
2.2 Humoral response
The serological response of pigs 389 and 391 was evaluated by SNT, 
specific Igs class ELISA and ADCC. The SNT titres and ELISA values 
for both Igs; IgG and IgM, showed a very similar pattern as the one 
recorded for pigs 362, 366 and 367. Specific antibodies were detected 
by SNT on days 12 and 14 PI for pigs 391 and 389 respectively. On 
day 0 (pre-inoculum) and 7 PI, no neutralizing activity was present in 
serum (Table 3.5 appendix). The anti-IgM and anti-IgG values were 
positive from days 12 and 14 PI respectively for pig 391 and days 14 
and 21 for pig 389. Although the anti-IgM values on days 23 and 14 
were below the positive range, they were clearly higher than the pre­
inoculum values (Fig 3.5).
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2.3 Antibody Dependent Cellular Cytotoxicity (ADCC)
Incubation time: ADCC characterization assays showed that; after 2.5 
hours of incubation, the difference in ADCC Values between infected and 
non-infected animals was small (Table 3.6 appendix). A clear difference 
in values between known positive and negative samples was observed as 
early as 3.5 hours after the effector cells were dispensed. The 
difference increased after 5 hours of incubation and a further slight 
increase was detected with overnight incubation (16h). It was, 
therefore, decided to carry out the test with an incubation time of 
16 hours.
The effect of the sera dilution on the sensitivity of the test was 
studied using 6 serum samples with a similar SNT titre between 16 and 
64. The sera were diluted, 1:10, 1:20, 1:40, 1:100, 1:160 and 1:320.
All the dilutions showed high ADCC values. The ADCC values recorded 
for each one of the samples at each dilution showed a very little 
difference (Table 3.7 appendix). The smallest difference between ADCC 
values of the six samples was recorded at dilution 1:160 (Fig 3.6 and 
Table 3.7 appendix).
In order to know the effect of the effector: target cells ratio on the 
sensitivity of the test, white blood cells were diluted at various 
concentrations; from 2X10^ to 20X10^ cells/ml, so that the required 
effector cells ratio would be achieved. The tests were performed using 
sera samples of similar SNT titre. The ADCC values showed a decrease 
in direct relation with the effector: target cells ratio (Table 3.8 
appendix). The difference in the ADCC values were not significant with 
an effector: target ratio between 100 and 60, but below 60 the ADCC 
activity decreased considerably. (Fig 3.7). When purified cell 
populations were used as effector cells, all the populations showed
93
activity against antibody sensitised infected target cells. The 
efficiency of the different populations was assessed recording the 
variation in ADCC % which happened when the effector: target cells 
ratio were modified (Fig 3.8). The polymorphonuclear leucocytes showed 
very little difference in the ADCC values at different effector: target 
ratios, even at a ratio as low as 30:1 the values were close to 100%. 
Leucocytes and monocytes showed a very similar decrease in ADCC values 
when the effector: target ratios were reduced. Leucocytes were more 
efficient than monocytes at all ratios. Similarly to the situation 
with leucocytes (white blood cells), a variation in the effector: 
target ratio from 100:1 to 80:1, did not have a significant effect on 
the ADCC values. Lymphocytes showed the lowest ADCC Values in all the 
tested effector: target ratios. It was only at ratios of 100:1 and 80: 
1 that the ADCC values could be compared with those showed by other 
cell populations (Table 3.9 appendix).
For the evaluation of antibodies able to promote ADCC in sera from 
succesive bleeding in experimentally infected animals, a base line was 
calculated using the serum samples collected from all the animals 
before infection, together with 18 samples collected from the non­
infected control animals. The mean of the ADCC values of the negative 
population (a total of 24 samples) 4.1 + 2.9. The cut-off line was 
calculated adding the standard deviation twice to the mean 4.1 + 5.8= 
9.9 therefore with a sera dilution 1:50 values less than 10 could not 
be considered positive. (Table 3.10 appendix). Both pigs (391 and 389) 
showed a positive ADCC response from 14 and 20 days PI respectively 
when the sera were diluted 1:50 and from 12 days PI onwards when the 
test was performed using serum diluted 1:400 (Fig 3.9 and Table 3.11 
appendix).
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}In order to assess the effect of IgM denaturation on the ADCC values, 
the samples to be treated with 2-Mercaptoethanol were grouped in two;
a) samples collected within one month after infection and b) samples 
collected after day 30 post-infection. The results showed no decrea­
sing effect on the ADCC Values after 2.ME treatment. Actually five 
out of nine samples collected within 30 days after infection showed 
considerable greater values after 2ME treatment. This indicates that 
the lysis of ADV-infected cells was promoted by IgG but not IgM. The 
ADCC values recorded for each one of the samples before and after the 
treatment together with their ELISA IgM values were recorded (Table 
3.2).
DISCUSSION
1. Serum Neutralization Test and specific class ELISA 
The detection of specific antibodies in experimentally infected pigs by 
three methods supply different information which can be put together 
providing a better chance of detecting, evaluating or analysing the 
humoral immune response. The detection of antibodies by the neutrali­
zation of the infectious properties of ADV has been considered by many 
authors, a complicated and/or expensive test because it requires cell 
culture (Todd et at, 1981). For many others, however, it is still the 
best method by which the immune status of an animal may be evaluated 
(Van Oirscht et at, 1982). A great advantage of the SNT over many other 
serological test is that, providing the amount of virus is always 
similar and the indicator system the same, the titres of different 
tests can be compared. The ELISA test provides a more sensitive method 
of antibody detection because in both experiments ELISA test detected 
specific antibodies before SNT did. The fact that less antibody 
molecules are required for the detection of a positive serum, has been 
reported several .times (Moenning et at, 1982; Moutou et at, 1978; Toma,
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1982). The detection of IgG or IgM but not both at the same time 
increases the specificity of the test because the detection of anti­
bodies by ELISA requires special care due to presence of many other 
immunoglobulins in the serum sample. The use of a control well 
(negative antigen) for each sample helps to overcome the problem 
(Banks & Cartwright, 1983), and the detection of nonspecific immuno­
globulins attached to the plastic can be reduced by using Igs class 
specific conjugates (Rodak, 1984). The use of anti-human heavy 
chains conjugate in the detection of pig IgM has been previously 
reported (Dalsgaard et at. 1979), the use of a rabbit antihuman IgM 
heavy chains conjugate ruled out any possibility of cross-reactions 
with IgG light chains. The same cross-reaction may happen with the 
anti-IgG conjugate which was used because there was not an anti-pig 
IgG heavy chains available but it is very unlikely that such cross­
reaction affected the IgG detection by ELISA test, because after 28 
days there was only an imperceptible amount of IgM.
The ELISA values recorded in Figs 3.3 and 3.5 are values from a single 
sera dilution and for comparative purposes it must be remember, that 
the ELISA values depend not only upon concentration, but antibody 
affinities as well, which may vary with the course of the immune 
response (De Savigny & Voller, 1980), and that the serum samples were 
diluted 1:60 for IgG and 1:30 for IgM. Direct comparison of the levels 
of immunoglobulins could only in any case be made within and not 
between classes. The ELISA values can not be used for assumption of 
antibody titres or protection against challenge infection, but they 
provide a legitimate assessment of the development of the immune 
response, particularly when the values recorded before and at different 
times after infection are compared.
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The serological response showed by pigs 362, 366 and 367 after experi­
mental infection, suggests that; both immunoglobulins are involved in 
the virus neutralizing activity of the serum, because such activity was 
higher at the time when high levels of both immunoglobulins were 
detected, than at the time when only IgG reached its highest level.
The fast increase of IgG levels after challenge is characteristic of 
the secondary immune response.
2. Lymphocyte transformation technique
Lymphocytes from individuals showing delayed skin hypersensitivity to 
tuberculin were stimulated in vitro by exposure to the antigen, while 
lymphocytes from non-sensitized individuals were not stimulated 
(Schrek, 1963). The stimulation criteria was based on the knowledge 
that an aqueous extract of phaseolus vulgaris (phytohaemagglutinin or 
PHA) produced mitotic activity in small lymphocytes (Carstairs, 1961). 
Such facts lead to the conclusion that; the mitotic activity produced 
by a particular antigen in lymphocytes from presensitised animals could 
be a manifestation of the cell-mediated immune response. The incorpor­
ation of tritrated thymidine in stimulated cultures in a considerable 
higher ratio than by non-stimulated cultures may be considered an 
antigen-promoted effect. There is no knowledge of the exact mechanism 
by which the antigen activates the lymphocyte proliferation, some 
activators such as PHA stimulate a sizeable proportion of the lympho­
cytes of all normal individuals but the antigen-specific activation is 
likely to be through sensitised lymphocytes which after activation 
produce a soluble factor (lymphocyte mitogenic factor) (Wolstencroft & 
Dumonde, 1970). The proliferation of lymphocytes from infected animals 
in vitro requires that the conditions for lymphocyte-antigen contact 
are adequate. The Stimulation Index (SI) of ADV stimulated cultures 
has been considered as indicative of cell mediated immunity (Wittmann
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et at, 1976) but the SI can not be used as a comparative measure of 
immunity because day to day variations in the test do occur (Van 
Oirscht, 1979b). These natural variations are evident on the mitogen 
(PHA) stimulated cultures. Although the conditions (cells and mitogen 
concentration and incubation time) were always similar, and the PHA 
activation does not distinguish between infected or non-infected 
animals, the SI were as low as 2.4, or as high as 153 (Table 3.4 
appendix). The specificity of the test may be evaluated by performing 
the test with lymphocytes from non-infected animals. The sensitivity 
however, is not liable to improvement, because it partially depends of 
the ratio of sensitised lymphocytes in a sample of peripheral blood 
lymphocytes. The test proved to be reliable for the detection of CMI 
response. Values above the negative or inespecific range were obtained 
eight out of eleven times that the experimentally infected animals were 
tested.
3. Antibody Dependent Cell Mediated Cytotoxicity
The detection of anti-ADV specific antibody by their ability to promote 
lysis of sensitised infected cell proved to be a very sensitive method 
in which a small amount of immunoglobulins could give a positive result. 
The time of incubation required for a clear difference in ADCC values 
between positive and negative sera is not very critical. The ADCC 
Values recorded after 16 hours of incubation were considered to be the 
best ones, but they were compared only with values obtained at 2.5,
3.5, 5 and 17 hours. It has been reported however that similar tests 
did not show significant variation in the percentage of specific lysis 
recorded at 8, 10, 12 and 24 hours of incubation (Martin et at, 1983). 
The fact that the infected cells have to be radioactive labelled and 
the effector cell collected and purified on the day of the assay, made 
an overnight incubation the most suitable to be used in all assays.
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The high sensitivity of the test was evident since no reduction in 
the ADCC values were observed when the immune sera were diluted up to 
360, Similar results were reported by Norley & Wardley (1983) for a 
system directed against African Swine Fever Virus infected cells, the 
percentage of specific lysis did not decrease even at dilutions up to 
1:3125. This high sensitivity has been reported previously (Perlmann 
& Holm, 1969; Koren et at, 1978). It has been calculated that, in some 
systems one or two antibody molecules are sufficient to trigger the 
cytotoxic activity of an effector cell (Moller & Svehag, 1972).
The ADCC values decreased with low effector:target (E:T.) cell ratios 
especially when the E:T, ratios were below 30. It has been reported in 
other systems that an E.T. ratio of 1 may be enough for the occurrence 
of specific lysis (Zarkower et at• 1982), but low ratios have failed to 
produce lysis when a specific population of cells is used as effector 
cells (Zarkower et at, 1982), therefore it has been suggested that the 
efficiency of a particular system may be determined by; a) the propor­
tion of cells on the effector cell population bearing Fc receptors and
b) the nature of the target cell, because while optimal lysis of 
erythrocyte targets required only a 4:1 E:T ratio, an 80:1 ratio was 
required for maximal lysis of the P815 cells target (Lovchick & Hong, 
1977). The fact that no significant difference was observed with E:T. 
ratios of 60, 80 or 100 in the system of white blood cells against ADV 
infected Vero cells suggested that such ratios could be used for the 
detection of low concentrations of antibodies because the effector 
cells were in excess.
Both mononuclear and polymorphonuclear (neutrophils) cells were able to 
mediate ADCC and the use of the whole white blood cells in a diagnostic 
test would be justified. It is interesting to note however the great 
difference in efficiency showed by neutrophils when compared with
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lymphocytes. At present, the denomination of the cells involved in 
lysis of antibody coated cells Is confusing because the denomination 
(activity description) given for a specific cell population, does not 
correlate with the functions observed in similar cells in other 
species; In rats, the non-phagocytic mononuclear cells capable of 
lysing antibody-sensitised target cells are called Killer (K) cells and 
the natural Killer (NK) cells are similar cells which are able to kill 
non-sensitized target cells (Chassoux et al• 1983). In pigs, NK acti- > 
vity was reported to be present in non-adherent mononuclear cells which 
did not adhere to nylon wool and which failed to rosette with sheep red 
blood cells (Norley & Wardley, 1983). In other experiments, it was 
shown that K and NK cells were distinct from one another, K cells could 
not function as killer cells without specific antibodies against target 
cells, but there was a subpopulation of NK cells with Fc receptors, 
which could participate as the effector cells for ADCC (Kim et al• 1980). 
It has been stated that some target-cell systems are discriminatory; 
for instance, human red cells with blood Group A antigens, sensitized 
with IgG anti-A are resistant to K cell lysis, but are killed by mono­
cytes (Holme, 1972). Martin et al, (1983) found that only neutrophils 
were able to lyse ADV infected IB-RS-2 cells. The fact that antibody 
coated ADV infected Vero cells were lysed by neutrophils as well as 
mononuclear cells, may be used for the understanding of. the cytotoxic 
activity of the different cell populations. The cytotoxic activity of 
macrophages was not evaluated directly, but it was clear that the 
difference in ADCC values between mononuclear cells and lymphocytes 
(mononuclears without macrophages) might be an indication of the macro­
phages cytotoxic activity.
The serological response in two experimentally infected pigs could be 
followed using the ADCC test. The values recorded in the test per-
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formed with the sera diluted 1:400 were much more homogeneous and 
without the great variation, which was recorded when the sera were 
diluted 1:50. It is possible to assume, that the poor sensitivity of 
the test and the great variation in values was due to excess of anti­
body in the lower sera dilution. The ADCC values can not be compared 
between tests because day to day variation in the test occur. The test 
variations are because; the expression of ADV antigenic-determinant in 
the infected cells is similar but not identical every time, and the 
efficiency of effector cells may vary from animal to animal.
It has been reported that in humans (Mac Lennan et at. 1969) and bovine 
(Rouse et at• 1977) IgM is not involved in ADCC. In the experiments 
presented here the treatment of sera collected within one month after 
infection with 2.ME did not show any decrease in the ADCC values, on 
the contrary, some samples showed a better ADCC value after treatment. 
The results suggest that IgM does not promote ADCC but may interfere 
with the event by blocking the antigenic determinants expressed by the 
infected target cells. A similar effect was observed when the target 
cells were sensitized with pepsin treated Igs, the ab fraction presum­
ably attached to the antigens, diminishing the attachment of complete 
immunoglobulins and reducing significantly the ADCC values (Gelfand et 
at 1972). The poor activity of IgM in ADCC had been suggested in anti- 
ADV assays but never proved.
CONCLUSIONS
The five diagnostic methods used for the study of the immune response 
in experimentally infected animals are complementary one to the other 
and they can be used to the best of their advantage according to the 
aspect of the immune response which is required to analyse. Great 
sensitivity in the detection of positive animals a few days after
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infection can be achieved with the specific class ELISA test, increase 
in IgM values can be spotted 5 days after infection, the effect of a 
challenge infection (secondary response) can be detected with anti-IgG 
ELISA, The SNT provides titres which can be compared within and 
between tests and such titres may be used as an indicator of the 
response to natural infection. The ADCC test in addition to its great 
sensitivity can be considered to be an IgG specific test which may 
provide a method for the study of other aspects of the immune response 
besides virus neutralization. The lymphocyte transformation technique 
could not be used as a single test for diagnostic purposes due to the 
high proportion of false negatives, but it is nevertheless a reliable 
indication of the presence of sensitized lymphocytes which in combi­
nation with a serological technique or a good clinical record of a 
particular population, provides a valuable assessment of the cell- 
mediated immune response.
102
Table 3,1 Stimulation index in seronegative animals
Animal Date Stimulation
index
385 5.08.83 1.1
386 5.08.83 1.0
390 5.08.83 1.6
391 5.08.83 0.71
389 5.08.83 0.80
394 10.08.83 1.3
387 10.08.83 0.92
387 17.08.83 1.1
392 17.08.83 1.0
388 31.08.83 1.5
393 31.08.83 1.6
2383 13.09.83 1.3
392 13.09.83 0.86
394 5.10.83 0.92
387 5.10.83 0.91
X = 1.09
S.I).= .28
2S.D. + X = 1.65
Therefore positive values >1.7
Table 3.2 ADCC (%) values in sera from experimentally
infected animals before and after treatment with 2-ME
Animal Days post­
infection
ELISA IgM ADCC before 
treatment
ADCC after 
treatment .
602 9 265 1 12
806 10 274 21 21
391 14 256 4 14
391 19 275 1 55
389 21 385 78 100
501 21 294 63 70
2383 26 220 71 84
676 26 179 19 47
391 28 204 84 100
389 35 119 1 12
2539 32 158 55 71
389 42 126 97 82
391 48 115 64 100
391 60 104 74 84
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Fig. 3.1
Anti-IgG ELISA values. A total of 15 samples 
were tested and the values are expressed as a 
mean of a minimum of three samples.
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Humoral response in pigs intranasally infected 
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Lymphocytes transformation test in experimentally 
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Fig. 3.5
Development of specific antibodies in ADV 
infected pigs. The antibodies were measured 
by SNT and by specific class ELISA test 
Pig No. 391 • Pig No. 389 O The broken line 
indicates the cut-off value for positive/ 
negative evaluation of the ELISA test
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ADCC values in positive known sera samples diluted 
up to 1:360. Incubation time 16 hours.
Effector: Target ratio 100:1
The graph shows the mean of 6 samples + S.D
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ADCC values using different cells as effector cells. 
The assays were repeated four times and the results 
are representative. Incubation time 17 hours. 
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Fig. 3.9
ADCC values in sera of two experimentally infected 
pigs. The upper graph shows the values recorded 
with the sera diluted 1:50 the lower graph shows the 
values recorded with the sera diluted 1:400.
■ Pig No. 389 DPig No. 391

IV ISOLATION OF ADV STRAINS LEEDS 1 AND LEEDS 2 FROM 
NATURALLY INFECTED PIGS '
From an economic point of view, Aujeszky’s Disease Virus (ADV) infection 
in pregnant swine may be the most devastating form of the disease.
Entire litters may be lost due to abortions or premature farrowing.
Live piglets may be weak or apparently healthy and vigorous, but many 
die due to the infection within the first weeks of life.
It is a common feature of congenital infections that the final outcome 
of the disease depends upon many factors such as: the gestational age 
at infection, the immune status of the dam and the acquisition of 
passive protection by the offspring.
Swine fever is the most extensively studied model of congenital infec­
tion in pigs. Emerson and Delez (1965) reported that some laboratory- 
modified strains were able to cross the placenta and infect the fetus 
producing a wide variety of congenital abnormalities, disease and 
embryonic and fetal death. Later, certain field strains of the virus 
which are of low virulence for the post-natal pig, were also shown to 
be pathogenic to the pig fetus (Harding et at, 1966; Done and Harding, 
1967). The effect of such -low virulence- strains upon the development 
of the fetuses and newborn piglets has been studied, from the stand 
point of virus dissemination (Plateau et at, 1980), the lesions produced 
by infection in utero (Von Benten et at, 1980) and the inadequacy of 
the specific immune response after congenital infection (Richter et 
at, 1980; Van Oirschot, 1979a). It was reported that after infection of 
pregnant sows with a low virulence strain of swine fever at various 
stages of gestation, some piglets were born viraemic, remained persis­
tently infected, and failed to produce specific antibodies. Other pigs 
did not show any signs of immunotolerance. The development of persistant
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infections was related to the stage of gestation at which the sows were 
infected. The earlier the sows were inoculated during pregnancy, the ' 
larger the number of persistant infection that developed (Van Oirschot, 
1979a).
It is possible that, as in swine fever, pregnant sows infection with 
ADV may produce piglets which are already infected at birth which did 
not succumb to the infection during fetal life, or piglets without any 
symptoms of the infection. The effects may vary with the strain of 
virus involved and the time of gestation at which infection occurred.
It has been suggested that the ability to cross the placenta may be a 
feature of some strains (Kluge and Mare, 1978). The strain characteri­
zation at present is not based on antigenic determinants because all 
the strains belong to the same serotype (Pauli et at. 1982). Some 
strains have been studied individually and can be differentiated from 
each other by their virulence (Baskerville et al. 1973) or by some 
biological markers detected by laboratory tests (Platt et at. 1979) or 
by using the recently developed technique of DNA fingerprinting (Paul 
et at. 1982). None of these strains-characterization systems provide 
information about the probability of a particular strain as a cause of 
congenital infection and/or reproductive failure.
In 1982 in England and Wales, ADV isolates from clinical cases were 
identified by the name and geographical location of the herd of origin. 
For each isolate there were records with information about the type and 
size of the affected population, but this information was too imprecise 
for the characterization of strains on the basis of their pathogenic 
characteristics and there was no experimental evaluation of the viru­
lence or any particular characteristic of the isolates. In order to 
study the transmission of the infection from the sow to the litter, the
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ideal materials would be a field isolate from a farm with problems of 
reproductive failure, and/or high mortality in piglets. This chapter 
describes the isolation and multiplication of ADV Leeds 1 and Leeds 2.
MATERIALS AND METHODS 
Experimental animals
Four pregnant sows were purchased from a farm where an outbreak of ADV 
had been reported by the Veterinary Investigation Service eight weeks 
previously (Leeds Animal Health Office MAFF). This was a farm with 
both breeding and fattening activities; The herd of 500 sows had never 
shown clinical signs of ADV infection. During the outbreak, 40% of the 
sows showed anorexia and pyrexia. There were cases of vomiting and few 
abortions. In the absence of individual records, 4 sero-positive 
pregnant sows were bought. The sows were housed individually in pens 
with farrowing facilities and fed with sow’s "15" Nuts* (5 lb/sow/day) 
and water ad libitum.
At farrowing, 4-5 piglets from three litters (except the litter from 
one sow: No. 406) were removed from the sow and reared colostrum- 
deprived, with sow’s milk substitute (Vitasikla*) supplemented with 
Vitamin B (2.5 ml Becosym^) and antibiotics (200 mg streptomycin 
sulphate/pig). During this period all piglets which were found dead, 
and piglets which were euthanized for experimental purposes with 
sagatal^ (Pentobarbitone sodium 240 mg/piglet) were subjected to a
Post-mortem examination and in every case organs which were likely to 
contain virus were collected for laboratory examination.
* SCATS
1 Beecham Animal Health Keynsham, Bristol.
2 Roche products.
3 May and Baker Ltd Dagenham.
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Virus isolation
A ten percent suspension of each tissue sample examined was made in 
Hank’s balanced salt solution containing 0.25% NaHC03, 200 I.U./ml 
penicillin, 200 p/ml streptomycin and 40 I.U./ml mycostatin. The 
tissues were disrupted by grinding in a pestle and mortar using sterile.- 
sand. The suspensions were then centrifuged at 1500 g. for ten minutes 
and the supernatant retained. The supernatants were assayed for virus 
infectivity by inoculating monolayers of primary pig kidney (PPK) cells 
grown in glass bottles. The maintenance medium was removed from the 
bottles and 0.5 ml of the tissue supernatant was inoculated into each 
of two cultures. The cultures were incubated at 37°C for 60 minutes, 
before overlaying with four ml of Earls Yeast Lactalbumin (EYL) medium 
containing 3.0% bovine serum. Cultures were incubated at 37°C and 
observed for seven days for the presence of cytopathic effect. At the 
end of the observation period all the samples were frozen at -20°C.
All the negative samples were passaged to a second PPK cells monolayer 
(blind passage). The cultures were thawed by immersion into a container 
with warm water and hand shaking. All the cultures which showed 
cytopathic effect were harvested by the previously described method and 
the identity of the agent tested by the fluorescent antibody technique. 
At this stage the samples were kept at 4°C, seven days later depending 
on the resuts of the FAT and the subpassage. The samples identify as 
ADV positive were stored at -70°C, the samples which were negative for 
a second time were discarded.
F.A.T. Procedure
Monolayers of PPK cells grown on coverslips in Leighton tubes were 
inoculated with 0.2 ml of culture harvest. Virus was allowed to adsorb 
at 37°C for 60 minutes and two ml of EYL with 1% bovine serum were then 
added to each culture. After 24-30 hours of incubation at 37°C the
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tissue culture medium was removed from the cultures and the cells fixed 
with cold acetone. Acetone fixation (10 minutes) was repeated once the 
coverslips had been removed from the Leighton tubes. After fixation, 
the cells were allowed to dry at room temperature and either stored at 
-20°C, or stained immediately.
Before staining cells were washed with 0.01M PBS pH 7.2 for 10 minutes. 
A direct FAT was employed. Coverslips Cultures were flooded with a 
rabbit anti-ADV hyperimmune serum conjugated with fluorescein- 
isothiocyanate diluted 1:3 with PBS and incubated at room temperature 
in a humidified chamber for 30 minutes. After washing for 20 minutes 
with PBS the coverslips were mounted in glycerol: PBS on microscope 
slides. The cells were observed under a Leitz microscope with incident 
U.V. light illumination. Some other features of the microscope were 
the filters system which provide light excitation in the range 450-490 
nm wave length (blue) and the use of 25X and 40X planachromat objec­
tives. The final magnification was 400X.
Virus propagation and Cloning procedures
Virus cloning was carried out in microtitre plates using a Pig embryo 
kidney (PEK) cell line. The cells were grown and maintained in 
modified MEM Supplemented with Earle's salts and containing 2mM 
L-Glutamine, 0.11 g/1 sodium pyruvate, 0.5g/l lactalbumin hydrolizate, 
2.0 g/1 sodium bicarbonate, 100 i.u./ml penicillin, 100 g/ml strepto­
mycin, 20 i.u./ml mycostatin and supplemented with 10% fetal calf 
serum. Three isolates were selected for further study.
For the initial virus propagation, 0.5 ml of tissue culture harvest 
from one ounce bottles was inoculated onto PEK monolayers grown in 400 
ml plastic bottles, 48 hours after infection the infected cells were 
collected after a cycle of freezing-thawing. After clarification the
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supernatant was titrated for virus infectivity. The isolate which 
showed the highest titre after the initial propagation was selected for 
further study.
+o ^
Prior^virus stock production, a cloning—  procedure was carried out,
ten fold dilutions of virus were inoculated onto PEK cell cultures (12 
wells/dilution) after 48 hours at 37°C the microtitre plates were 
examined for the appearance of CPE. It was considered that the last 
wells which showed CPE had been infected with a virus dilution which 
contained the minimum amount of virus required for the infection of 
the cells. The content of one well was collected and the procedure 
(dilution and infection) was carried out twice more. After the third 
limiting dilution passage, the content of one microtitre well was 
chosen for virus propagation.
Stock production
After clorurycj the virus was propagated in monolayers of PEK cells 
grown in 800 ml plastic bottles. The infected cells were harvested 
after 48 hours of incubation at 37°C by a cycle of freeze-thawing. The 
tissue culture fluid was centrifuged at 1200 g for 20 minutes and the 
supernatant stored in one and two ml aliquots at -70°C until required. 
In order to evaluate the purity of the stock a sample was examined 
under the electron microscope, and a virus neutralization test was 
carried out using a rabbit hyperimmune serum. Tenfold dilutions of 
virus were mixed with an equal amount of rabbit hyperimmune serum 
diluted 1:5 and 1:20 with MEM, after 60 minutes at 37°C. 50pl of PEK 
cells were added to each well of the microtitre plates (1.5 X 104 
cells/well). Similar plates were infected with the same dilutions of 
virus in order to know the titre of virus. The plates were sealed and 
incubated at 37°C in an atmosphere of 5% CO2 for five days and read
for cytopathic effect on the third and fifth days. The titre of the 
serum was already known (1:20), the titre of the virus was determined 
by the Reed and Muench method (Reed and Muench, 1938).
RESULTS
A total of 32 piglets were born alive. Thirteen colostrum deprived 
piglets from three litters were artificially reared and ADV was 
isolated from some of their tissues (Table 5.1). The litter of sow 
No. 570 consisted of only four piglets, no artificial rearing was 
attempted in this litter, but one colostrum deprived piglet was slaugh­
tered and examined immediately after birth. A stillbirth was 
delivered by sow No. 599. The P.M. examination carried out revealed; 
collapsed lungs, liquid in toraxic cavity and hydropericardium, the 
most notable lesions were brushes on skin and subcutaneous tissue.
There was a high rate of mortality among the colostrum deprived piglets, 
but only one (piglet No. 471) displayed symptoms of nervous system 
disorders. The animal was unable to stand and the only response to 
external stimuli were paddling movements which were weak and went to a 
halt quickly. Seven piglets from the three litters died overnight 
(piglets Nos. 458 and 459 from sow No. 503; piglets No. 417, 419 and 
420 from sow No. 702 and piglets No. 448 and 447 from sow No. 599), no 
signs of disease were observed in any of these piglets. Additionally 
four piglets from the litters born to sows 599 and 503 were killed in 
extremis, because they were not eating and only moved after direct 
stimulation, their condition was considered "poor" and no alternative 
method of improvement was available.
Virus isolation
Some tissues collected for virus isolation were toxic for the cell 
culture producing non-specific CPE in the original culture and a negative
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Table 4.1 ADV isolation in colostrum-deprived piglets born 
to naturally infected sows.
Sow
No.
Piglets
b o m
alive
Identification 
of colostrum- 
deprived 
piglets
Age at 
examination 
(hours)
Cerebrum
Cerebellum
Tonsil
Liver
503 11 458 36 - NT +
450 48 - + -
463 72 + - -
459 96 - - + NT
460 96 - + + -
599 9 449 48 - - -
447 72 - + NT NT
471 120 - + +
448 120 - - - NT
Stillbirth 0 - + - -
702 8 418 24 - - + -
420 96 - + + +
417 96 + + - -
419 96 - - - -
570 4 406 2 - - - -
NT = Not tested
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result in the FAT. Others, mainly tonsil, were contaminated with fungi. 
The rate of virus isolation was better with cerebellum than with all 
the other tissues; 6 of 14 (42%) samples were positive.
Virus propagation
From the three isolates which were selected for further study the one 
with the highest titre in the first virus propagation was the isolate 
No. 74 (original list). This isolate came from the cerebellum of 
piglet No. 450 which was slaughtered after 48 hours of artificial 
rearing.
On the first stage of the cloning procedure a clear CPE was observed 
in all the wells infected with virus dilution up to 10“6. In the group 
of wells infected with the dilution 10"7 there were some wells which 
did not show CPE. Additionally it was realized that at the dilutions 
10"6 an(j 10”7 the observed CPE differed between wells. Five wells 
showed many syncytia while other four showed mainly rounded cells and 
only scattered syncytia (see Fig. 4.1). A sample was collected from 
each one of these two populations and the second and third limiting 
dilution passages were carried out on separate microtitre plates. The 
ability to produce syncytia was repeatedly seen only in one of the 
populations in the second and third passages. In order to differen­
tiate the isolates they were identified as clone 1 and clone 2. The 
cultures infected with clone 1 produced the formation of multinucleated 
cells which vnkrthe microscope looked like big cells with a non-circular 
contour, while the cells infected with clone 2 showed many enlarged 
cells but with a very regular circular shape (Fig. 4.2). The two types 
of CPE were better differentiated in cultures infected with low amount 
of virus because cell destruction happened very quickly in cells 
infected with high titres of virus.
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Fig. 4.1 From 12 wells infected with the dilution 10-7
five wells did not show cytopathic effect (CPE), 
three wells showed few syncytia and abundant 
rounded cells, in the remainder four, there were 
a great amount of syncytia.
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The production of the virus stock was achieved in 48 hours when 70-80% 
of cells showed a clear cytopathic effect. The titres of the stock 
viruses were 10^*^ TCID50/111I and lO^'^TCID^g/ml for clones one and two 
respectively.
The examination of these stock by electron microscope showed particles 
made up of hollow prismatic subunits (Fig 4.3). Some of these particles 
were surrounded by a membrane or envelope with a distorted circular 
shape.
Both clones were neutralised by the rabbit hyperimmune serum, the titres 
in the presence of serum were IO^'^TCID^q and 10.^•^^TCID^q in 0.025 ml 
respectively.
DISCUSSION
The isolation of ADV from colostrum-deprived piglets born to infected 
sows showed that the piglets had become infected with the virus before 
they received milk from their dam. Milk-borne virus has been suggested 
as the main route of transmission from the sow to the offspring 
(Gustafson, 1981). The fact that the piglets were reared in groups 
made impossible to know whether the 12 virus-positive piglets got the 
infection from their mother or from an infected littermate. It was 
clear that at least one piglet from the litters born to sows 503, 599 
and 702 has had contact with the virus either in utero or at the time 
of birth. Any of these ways of transmission was possible since the 
sows had contact with the virus during the time of gestation.
The infection in the stillbirth piglet delivered by the sow No. 599 
must had happened in utero, because the virus was isolated from 
cerebellum. It has been reported that the cause of stillbirth piglets 
could be divided in two: maternal parturition failure and weakness of 
the fetus. In the first case apart from the signs of asphyxia which is
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Fig. 4.2 Pig embryo kidney cells 24 hours after infection 
with ADV Leeds“l strain (a) Leeds-2 strain 
(b). The CPE caused by the two strains was 
different. Polykaryocytes were not abundant 
in cultures infected with the Leeds-2 strain 
(Final magnification 1920)
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Fig. 4.3 Two virons of ADV showing hollow prismatic 
capsomeres. (a) Enveloped viron partially 
distorted X 180 000. (b) The virus envelope 
is incomplete X 160 000.
126
the cause of death, the affected piglets show little or nothing in the
way of pathological abnormalities* In the case of the fetus* failure
to survive the birth process it could be an indication that the fetus
was suffering a disease (Wrathall, 1980). The small size and.skinny
condition of the stillbirth delivered by sow No. 599 together with the
fact that it was the only one suggests that in this case the fetus was
unable to cope with the birth process. Apart from the fact that it was
infected in utero, no more conclusions could be drawn for certain,
probably it was stillbirth because it was infected but being only one 
/Significance- 
case it5 A difficult to assess.
The high mortality rate among the colostrum-deprived piglets could be 
as a result of the infection or of the management conditions and even 
more likely both because the successful rearing of piglets under 
artificial conditions depends on many factors such as; training of the 
piglets to drink from a trough, looking after the runts to get their 
share of food etc. All this may account for the fact that two of the 
piglets which died overnight and one of the piglets euthanised were 
negative for virus isolation. On the other hand, the reason may be 
that the virus was in tissues which were not collected.
It was interesting to note that only one piglet displayed clinical 
symptoms (paddling movements) of the disease and it was one of the two 
piglets which survived for the longest time (120 hours) probably the 
lack of clinical signs, which was a feature .in this experiment, and 
has been reported several times (Gordon and Luke, 1955) was due to the 
short course of the disease. Many of the piglets which died or were 
killed during the first days of the experiment were too weak, and they 
could not survive until the virus replicate in the CNS. Assuming that 
our techniques were correct and that ADV was not missed in the virus-
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negative piglets, the situation was very similar to what had been found 
in cases of transplacental transmission i.e. pot all the members of a 
litter were infected. But the results presented in this chapter do 
not allow for discrimination between in-utero infection and contact 
with the virus in the birth canal. Therefore the final result would be 
that ADV transmission from the sow to the offspring in the absence of 
contact during the perinatal period was detected in three litters, and 
in one of them there was evidence of transplacental infection.
The characteristic changes in cells infected with ADV are of two types: 
(1) The infected cells may form syncytia also known as polykaryocytes, 
which consist of large multinucleated cells as a result of cell fusion 
or (2) they may become rounded, frequently balloned with an ocassional 
formation of small giant cells (Kaplan, 1969). The fact that the PEK 
cells showed syncytia formation in some wells and rounded cells in 
others was unexpected but not surprising because the inability of some 
ADV strains for syncytia formation had been previously reported (See 
Chapter 2 Sec. 3). In fact the isolation of the avirulent strain K-61 
(’Bartha1) came as a result of the very different behaviour of such 
strain in tissue cultures. One of the differences was the production 
of balloned cells rather than multinucleated cells (Bartha, 1961). 
Golais and Sabo (1976) reported that the formation of either syncytia 
or balloned cells was a characteristic dependent on the strain of virus 
and the infected cells. They tested nine ADV Strains in nine type of 
cells. In some cell-systems all the strains produced rounded cells 
while in others all the strains produced syncytia but there were two 
types of cells where only the strains described as virulents produced 
syncytia whereas the attenuated ones produced rounded cells. Poste 
(1970) reported a similar situation with many other virus-cell systems 
such as; HSV which produces large polykarocytes in Hela cells and none
in human embryo lung fibroblast, the latter cells, however, were consis­
tently one hundred times more sensitive to the growth of the virus than 
the Hela cells. Another case where the pathogenicity of the strains 
correlated with their syncytia-forming ability was reported by Bitsch 
(1980). The ADV infection in cattle produces intense pruritus reaction. 
The site of the pruritus reaction may be defined as anterior of 
posterior, 14 out of 17 isolates from cases with anterior prutitus were 
syncytia forming strains and none out of 25 isolates from cases of 
posterior pruritus showed syncytia formation. Providing that the same 
cell-system is used every time, the sort of CPE produced by a specific 
strain may be a very consistent feature. The ability of the Bartha 
strain to produce balloned cells in Vero, IB-RS-2 and primary pig 
kidney cells has been used for virus excretion and virus dissemination 
experiments (Mocsari, 1981; Geek etat, 1982b).
The finding that PEK Cells provided a good system for discrimination 
between the two clones was therefore of great interest.
The two clones hereafter referred as Leeds-1 and Leeds-2 may be or may 
not be similar on their pathogenic characteristics. They are suitable 
for the study of the virus transmission from the sow to the offspring 
and since so many other strain-dependent features have been reported, 
this two clones worth further investigation.
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V IN VIVO STUDIES ON THE VIRULENCE OF THE LEEDS-1 AND 
LEEDS-2 STRAINS OF ADV
The clinical response to infection with ADV varies widely. The seve­
rity of the disease is dependant upon the age of the pig, the virus 
strain involved, the dose of virus, and the route of exposure 
(Gustafson 1981).
The natural route of exposure is usually the oronasal mucosa. In the 
field, the dose-response effect cannot be evaluated without considering 
the virulence of the strain and the age of the population at risk. It 
seems therefore that the strain of virus may be of great importance in 
determining the outcome of the infection. The virulence of some 
strains was demonstrated at the time of isolation. In other cases, 
experimental work has been carried out in order to establish virulence. 
The four strains isolated and studied in Northern Ireland represent a 
good example of such strain characterization (Baskerville et at. 1973).
Some virulence characteristics have been considered to be exclusive to 
a particular strain. Hurt 1933 reported a Hungarian strain of ADV 
which readily produced a marked viraemia while two years earlier 
viraemia was not detected after infection with an strain from Iowa 
(Shope 1931). The Hungarian virus was laboratory-adapted and had been 
passaged many times. This may be significant, in view of the fact that 
the capacity of the Iowa strain to produce viraemia increased as further 
passages were made. It appears that in general viraemia occurs only 
rarely but that certain strains of virus may induce viraemia more often 
than others. Baskerville (1971) reported that the two forms of the 
disease commonly seen in Northern Ireland were caused by different 
strains of virus. The nervous form of the disease was caused by a 
strain which replicates mainly in the CNS, while the disease with 
nervous and respiratory involvement was caused by a strain which repli­
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cates in both the CNS and the respiratory tract. The lesions in respi­
ratory tract tissues were far more acute and extensive than the lesions 
occasionally seen in pigs which died of the nervous form (Baskerville 
1971>.
One definition of virus virulence required measurement of the rates 
of morbidity and mortality produced by the infection in a given 
population. A wide range of virulence types has been found amongst the 
ADV strains. The extremes of the spectrum are more easily recognised. 
Highly virulent strains are for example the American Iowa strain and 
the British Stanley strain both have been shown to kill mature animals 
(Mare and Kluge, 1974; Cartwright, personal communication). With 
regard to the non-virulent strains, the Bartha and NIA-4 strains do not 
produce clinical signs, even in young piglets (McFerran 1981).
The excretion of virus has been widely studied and the results shown 
that there are several factors involved, including the age of animals 
and the route of infection. Some differences, however, were observed 
in the excretion patterns among piglets of the same age infected by the 
same route with the same dose of virus. In one group ADV was isolated 
from throat swabs for two weeks and swabs taken three weeks after 
inoculation did not yield ADV, while in the other group ADV was isolated 
at 21 but not at 25 days after inoculation (Sabo and Blaskovick 1970). 
The authors suggested that strain variation was the reason for such 
differences. Donaldson et at. (1983) studied the excretion, survival 
and transmission of ADV in experimentally infected pigs. They compared 
the excretion of virus in three groups of pigs infected with three 
different isolates. All the isolates were virulent and were from; 
Denmark, Northern Ireland and England. The animals were sampled daily 
for a period of ten days after infection. The rate of ADV-positive
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swabs collected from nasal and oral mucosae were similar for the three 
groups, but a marked difference was observed in the swabs of vaginal/ 
preputial mucosae; only two out of 42 (4%) were positive in the group 
of pigs infected with the English strain while 12 out of 37 (32%) were 
positive in the group of pigs infected with the Irish strain. The 
Danish strain showed an intermediate positively rate (15%). Maes et 
at. (1983) compared the shedding patterns of three strains of ADV; two 
were virulent and the other was the attenuated BUK strain. The dose 
of infection required in order to get clinical disease varied between 
strains and with the BUK even high doses did not produce clinical 
syndrome, differences in the length of virus excretion were also 
observed. They concluded that the duration of virus shedding was 
strain dependent.
At the present the methods used for characterization of strains lack 
uniformity, and experimental work had to be carried out for each new 
strain in order to discover its particular properties. The aim of this 
work was to compare the clinical manifestations and the lesions produced 
by infection with two British ADV strains, Leeds-1 and Leeds-2.
Similar, the excretion of virus and the specific immune responses 
evoked by the viruses were compared.
MATERIALS AND METHODS
Experimental Animals
Sixteen Large white X Landrace, female or castrated male, pigs were 
used. The pigs were seronegative for ADV antibodies and were 12 weeks 
old at the time of infection. They were housed in isolation units and 
divided into three groups of six, six and four pigs respectively. They 
were fed with commercial standard fattening food.*
* Pig nuts SCATS
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Experimental design
Eight animals from groups one and two (four animals from each group)
*3
were infected intranasally with 4X10 TCID^q of either the Leeds-1 
(Group one) or the Leeds-2 (Group 2) strains of ADV, fourteen days 
after infection two ADV antibody free pigs were introduced to each of 
the infected groups, as sentinels. The final distribution was there­
fore: Group one : six pigs infected with Leeds-1 (four infected : two 
in-contact); group two: as for group one but infected with Leeds-2, 
and group three : four non-infected control pigs, these pigs were used 
in the determination of the body-temperature base -line and as a source 
of cells for the negative control samples in the lymphocyte transfor­
mation test. All clinical signs showed by both infected and in­
contact pigs were recorded for a period of twelve days each after 
experimental infection and after the introduction of sentinel pigs. 
Blood and samples of nasal and pharyngeal exudate were collected at 
different intervals. Before infection the body-temperature of each pig 
was recorded every day for a period of five days. Those values plus 
values recorded in the non-infected animals during the observation 
period after inoculation (a total of 108 temperature readings) showed a 
normal distribution. The mean of this values was calculated and con­
sidered the normal temperature for these pigs (mean + standard 
deviation = normal temperature range).
Virus Inoculum and Infection
The ADV viruses employed in these experiments were stored at -70°C 
before use. Each virus stock was diluted in 0.01 M PBS to give a final
O
concentration of 4X10J TCID^Qml. Animals were infected by instillation 
of 0.5 ml of virus solution into each nostril. Water and food were 
removed for a period of six hours after infection in order to avoid 
dilution of the inoculum.
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Bleeding and Sampling Procedures
Blood samples were collected from the anterior vena cava. Blood 
samples were divided in two; a minimum of 10 ml. were mixed with preser­
vative-free heparin (100 I.U./ml) and the rest was collected into an 
anticoagulant-free glass tube, to obtain serum. Nasal and pharyngeal 
exudates were collected with sterile cotton swabs, which were intro­
duced through the mouth into the tonsilar region for pharyngeal exudate, 
and into the external nares for nasal exudate* Occasionally the 
nostrils were heavily contaminated with soil and dust; in these cases 
the nostrils were cleaned first. Swab samples were collected from a 
depth of 3-4 cms. Immediately after collection the swabs were placed 
in three mis of MEM, containing ten times the normal concentration of 
antibiotics.
Virus Detection and Viral Lesions
Tissue samples were collected at post-mortem from animals which died. 
After dissection with sterile instruments, tissues were placed in a 
sterile container for virological examination and into buffered 10% 
formaldehyde solution for histological examination. The latter samples 
were embedded in paraffin wax after fixation, sectioned and stained 
with haematoxilin and eosin following standard techniques.
The isolation of ADV from both tissues and exudates was carried out in 
microtitre plates using PEK cells, using the procedure described in 
Chapter 3. Tissue-sections were examinated using a Leitz Microscope.
Immune Response
The humoral immune response evoked by the viruses was evaluated using 
the sera neutralization test (SNT). The presence of sensitized lympho­
cytes was detected by the lymphocyte transformation technique. Both 
tests were carried out following the procedures described in chapter 3.
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RESULTS
Clinical Response to Infection
The clinical manifestations of disease in pigs infected intranasally 
were recorded daily and the results are presented in table 5.1. Marked 
differences were observed between pigs in the different experimental 
groups.
Pigs infected with ADV Leeds-1 showed an increase in mean body- 
temperature starting on day three after infection (Fig. 5.1). For ten 
days pyrexia was eivdent mean temperature remaning outside the normal 
range. The baseline temperature for all the pigs in the experimental 
group was calculated to be 39.2°C and the standard deviation 0.4°C.
The incubation period was five-seven days. All pigs showed anorexia 
and constipation and three of the four showed excessive salivation.
Pigs No. 385, 186 and 390 displayed a general depression which 
increased with time. Initial lassitude, developed with prostration and 
death ensued rapidly. Only one pig (No. 391) which had less intense 
depression, showed inclination to move and attempts to stand and walk 
often ended in circling before collapsing again. Conjunctivitis and 
swollen eyelids were observed in two pigs, but by the time these signs 
were recorded two other pigs were already dead (See Fig. 5.2). Two 
pigs died on day seven after infection (Nos. 385, 390) and another on 
day nine (No. 386). The only pig in this group which recovered from 
the disease showed clinical signs which included; swollen eyelids, and 
lack of appetite for a period of nine days. Fig. 5.2 provides a graphic 
illustration of the length and comparative intensity of the clinical 
signs.
Clinical reactions to infection with ADV Leeds-2 recorded in pigs in 
Group two included a slight increase in body temperature (Fig. 5.1).
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The mean value of the group was outside the normal range of temperature 
on only three occasions : on days five, seven and 11 after infection. 
After an incubation period of eight-ten days the other manifestations of 
disease were a transient anorexia and constipation, later two pigs 
(Nos. 711 and 715) on days 13 and 15 after infection respectively 
showed conjunctivitis and swollen eyelids 
Clinical Response After In-contact Exposures
Pigs Nos. 389 and 392 were placed into the pen where pig 391, the only 
survivor of Group 1 was housed. This pig had been infected intrana­
sally 14 days before and it was still showing conjunctivitis and 
swollen eyelids. Both sentinel pigs showed an increase in body tempera­
ture which lasted from day four after exposure until day ten after
exposure. On day six after exposure both pigs were reluctant to eat 
or drink and they only moved by themselves when a strong stimulus was -
provided. On the following day there was evidence of vomiting in the
pen but it was not known whether both pigs were responsible. On days 
eight and nine after exposure both pigs were suffering from prostration 
but were able to stand and walk when disturbed. Both showed conjunc­
tivitis and nasal discharge. On the following day pig 392 was found 
dead. Pig 389 made a slow recovery and was considered fully recovered 
on day 14 after exposure, although there was still slight conjuncti­
vitis. The animal was eating and drinking normally. The average 
body-temperature recorded in these two pigs and in the two pigs exposed 
by in-contact exposure to ADV Leeds-2 are presented in Fig 5.3. No 
clinical signs of infection at all were observed in pigs exposed to ADV 
Leeds-2 by contact with intranasally infected animals.
Virus Excretion
ADV was isolated from nasal and/or pharyngeal exudates of pigs infected 
with Leeds-1. The results are presented in table 5.2. On day three
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after infection ADV was isolated from the pharyngeal exudate of three 
of the four pigs and from nasal swabs of only one of them. On the 
fifth day after infection, two nasal swabs were positive for ADV and 
all the swabs collected from the pharynx were negative both sets of 
swabs were negative on the tenth day after infection, but only one 
pig was sampled. No virus was isolated from samples collected from 
pigs infected with Leeds-2. Similarly, negative results were recorded 
with samples collected from the in-contact animals on days three, five 
and 10 after exposure.
Specific Immune Response
Anti-ADV neutralizing antibodies were detected on day seven after infec­
tion in three of the four pigs infected with Leeds-1. The pig No. 391 
which was the one that survived was negative at this stage but showed 
increased titres in subsequent bleedings. No neutralizing antibodies 
were detectable by seven days after infection in any of the pigs 
infected with Leeds-2. Two of the four showed positive titres on day 
14 after infection, and all four were positive at day 21 after 
infection, but the titres recorded were very low (Table 5.3). Pigs 392 
and 389, which were placed in-contact with pig 391 (infected with 
Leeds-1) developed neutralizing antibodies by days 7 and 14 respec­
tively after in-contact exposure. Pigs 708 and 712 which were in­
contact with the pigs infected with Leeds-2 did not develop neutra­
lizing antibodies.
Lymphocyte Transformation Tests
The absolute counts per minute (cpm) values recorded for infected pigs 
are presented in table 5.4. None of the eight animals from either 
group showed positive S.I. values (i.e. equal or high than 1.7) on day 
five after infection. On the seventh day after infection, the test was
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performed only with lymphocytes from the pigs infected with Leeds-2 and 
there were no positive S.I* values. On day 12 after infection, pig 
391, infected with Leeds-1 gave a positive result, whereas the four 
pigs infected with Leeds-2 were all negative. Pigs infected with 
Leeds-2 were tested once more at 14 days after infection, and two 
showed a positive response. In all cases the viability of the lympho­
cytes was assessed by the proliferative response to mitogen (Pha). The 
S.I. values with Pha were always positive. Lymphocytes from non­
infected animals which were included in the test invariably produced 
negative results to antigenic stimulation and positive results to 
mitogenic stimulation (Table 5.4).
Virus Dissemination
Several tissues were collected at post-mortem examinations of pigs 
which died of the disease, including; tonsil, submaxillary and retro­
pharyngeal lymph nodes, lung, spleen, cerebrum, cerebellum and olfac­
tory bulb. ADV was isolated from all tissues collected from pig 
185 and from all except lung from pig 390. Pig 386 showed infectious 
virus in cerebellum, tonsil and lymph node. Pig 392 (in-contact 
exposure) was positive for virus in the olfactory bulb, cerebellum, 
tonsil, lymph node and spleen (Table 5.5).
Histopathology
Examination of the CNS tissue collected from pigs 390, 385 and 386 
revealed a non-suppurative meningoencephalitis with the formation of 
diffuse or focal proliferations of glial cells and conspicuous vascular 
cuffing. These lesions were observed in all the samples collected from 
the CNS, namely; midbrain, pons, cerebellum and medulla. Additionally 
some gitter cells were observed in the cerebellum. Only one pig (196) 
presented neuronophagia in the pons. The perivascular cuffs were of
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variable thickness; some showed as many as four or five layers of cells 
and most of the infiltrating cells were lymphocytes; also present were 
neutrophils, eosinophils and macrophages (Figs. 5.3, 5.4 and 5,6).
The examination of the other tissues apart from the CNS showed that 
congestion was a general feature in all organs. Scattered necrotic 
foci were observed in the tonsils of pig 385. An oedematous reaction 
was observed in the lung of pig 390. Hyperplasia of lymphoid elements 
and haemorrhages of varying severity were seen in the lymph nodes of 
these three pigs (Table 5.6).
DISCUSSION
The results presented in this chapter clearly shows that ADV isolates 
Leeds-1 and Leeds-2 differed in their pathogenicity for pigs and on 
this basis could be considered to be two different strains. Since pigs 
infected with Leeds-2 developed few pathogenic features of interest the 
pathogenicity of the Leeds-1 is discussed prior to the comparison of 
the two strains.
Clinical Manifestations and Lesions
The clinical signs presented by the pigs infected with Leeds-1 were 
comparable to the signs of the disease described by other authors. 
According to Gustafson (1981) fever, anorexia and constipation are the 
first noticiable signs of the disease; excessive salivation and vomi­
ting sometimes follow but is not the general rule. The involvement of 
the CNS can be detected by motor or sensory disorders. Bosch (1981) 
emphasised the unusual behaviour of ADV-infected animals; some are 
extremely calm and others are very excited, hiting walls or objects. 
Salivation and foaming at the mouth are regarded as consequences of 
paralysis of the throat. With increasing neurological involvement 
depression becomes accentuated and paralysis of the forelimbs is evident
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with the appearance of the dog-sitting position as consequence (Corner 
1965).
The course of the disease observed in the pigs experimentally infected 
with Leeds-1 was very acute. The rapid course together with the exten­
sive lesions observed in the CNS suggested that the turning point in 
the clinical disease was the involvement of the central nervous system. 
Two pigs died within 48 hours after the first signs of nervous involve­
ment were noticed. Perhaps pigs infected intranasally are not compar­
able to those infected naturally in the field because of the high dose 
of virus used for infection. However in-contact animals were infected 
with a dose similar to that of natural infection which presumably was 
similar for both pigs. The pig which showed nervous signs died, while 
the other one recovered after disease with a prolonged course. Respi­
ratory distress was not a prominent feature in experimentally infected 
pigs. Two pigs had slight difficulty in breathing, but this might have 
been caused by the presence of abundant nasal discharge. The respira­
tory tract showed only minor lesions. Congestion and oedema were the 
pathological features observed in lymph nodes and lungs respectively. 
Similarly pathology was reported by Dow and McFerran (1962) in pigs 
infected with the strain NIA-1. The lesions caused by the NIA-2 strain, 
which produces rhinitis and pneumonia in pigs, were described by 
Baskerville (1972). In this experiment, only one pig showed pulmonary 
oedema and in general the lesions observed were not compatible with 
those described for the strains with affinity for the respiratory 
system.
Necrotic lesions in the tonsils have been previously reported by Sabo, 
(1969), and more recently Narita et at• (1984) demonstrated that 
tonsillar necrosis developed as a consequence of virus replication.
140
The histopathological lesions in the CNS observed in pigs 385, 386 and 
390 coincide with the lesions reported by many other authors (Corner 
1965 Ducatelle et at. 1982). Meningitis and focal gliosis were the 
lesions most consistently found. The presence of inclusion bodies in 
the grey matter was reported by some authors as a valuable diagnosis 
aid (Done 1957) but Dow and McFerran (1962) reported that inclusion 
bodies are not always present, and that extensive searching is often 
necessary to detect them. Inclusion bodies were not seen in the tissues 
collected from these experimentally-infected pigs.
The lack of clinical disease observed in the groups of animals infected 
intranasally with Leeds-2 and the fact that these pigs apparently were 
not shedding virus at the time when the sentinel animals were housed 
with them makes this strain comparable to the attenuated BUK strain 
which according to Maes et at* (1983) the clinical signs observed in 
pigs inoculated with 7.2X10^ TCID^g were limied to depression and a 
rise in rectal temperature to 40.5°C for three to four days. The 
naturally attenuated NIA-4 strain has been reported to produce no 
clinical signs in pigs infected with 10D,J TCID^q (McFerran et at,
1982). The dose of infection used in the experiments reported here was
O
4X10.TCID^q because it had to be the same as for Leeds-1 therefore 
further studies are required in order to acertain whether this strain 
is comparable to the BUK or the NIA.4 at similar doses.
Virus Excretion
Shedding of infectious virus was different for the Leeds-1 and Leeds-2 
infected pigs. ADV was isolated from nasal and pharyngeal swabs collec­
ted at three and five days after infection from the pigs infected with 
ADV Leeds-1. It was not isolated from the samples collected ten days 
after infection from the pig 391, but clinical infection in the in­
contact animals suggested that unless it had survived in the housing
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virus was being shed even at 14 days after infection. Negative results 
obtained with some samples collected at three and five days after 
infection could be an indication that excretion of virus was an inter­
mittent phenomenon and that infectious virus was not present in exudates 
continuously. The failure to isolate virus from pig 391 on the tenth 
day after infection could be explained by this, or as was demonstrated 
by Sabo and Blaskovic, that a strong local immunity was developed after 
oronasal infection so that, the nasal secretions contained infectious 
virus and specific antibodies as well.
No ADV was isolated from samples collected from pigs infected with the 
Leeds-2 strain. Local immunity could be an explanation for this result 
but is unlikely to have been important because such immunity would not 
normally appear as early as three days after infection. It is more 
likely that the concentration of infectious virus was considerably 
lower after the first cycle of virus replication.
Virus Isolation from Tissues Collected at Post-Mortem Examination 
ADV was isolated from several organs of pigs experimentally infected 
with Leeds-1. This indicated the wide spread of virus throughout the 
body tissues. The lack of lesions typical of virus replication in 
organs which were positive to virus isolation supports the view that 
the virus spreads to many organs in cell associated form, after the 
initial cycle of virus replication. The lymphoid tissues of the 
pharynx and throat are the primary sites of virus replication after 
oronasal infection (Wittmann et al. 1980). On the other hand,
Ducatelle et at, (1982) using an anti-ADV peroxidase staining technique, 
observed that some ADV-lesions did not contain virus antigen. The 
reason for this was thought to be that it takes longer necrotic lesions 
to resolve than for the virus to be eliminated. Virus may disappear
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rapidly either because immune defense mechanisms come into play or 
because of a lack of susceptible living cells suitable for replication.
A difference therefore between acute and mild cases might be the 
presence of virus, with or without lesions, in the acute cases, and the 
presence of lesions without virus in the second.
The Immune Response in Experimentally Infected Animals 
Both the humoral and the cell-mediated immune response were investi­
gated, and both provided an accurate reflection of the development of 
the infection in the pigs. Pigs in Group 1 were in the acute phase of 
the disease on day seven after infection and lymphocyte transformation 
tests were not carried out at this stage because it was considered 
prudent to avoid the stress of blood-sampling. A blood sample was 
collected at P.M. examination from animals 385 and 386 for antibody 
detection. The lymphocyte transformation tests were conducted with 
lymphocytes from pigs infected with Leeds-2 at 5, 7, 12, and 14 days 
after infection. Only two pigs showed positive S.I. values and this 
was at 14 days after infection. In the case of animal No. 391 which 
survived the infection with Leeds-1, a positive S.I. value was recorded 
at 12 days after infection.
Detection of specific antibodies was compatible with the clinical 
manifestations of the infection. Animals which showed severe clinical 
signs survived and produced high titres of neutralizing antibodies.
Of the two animals in this situation, one had been intranasally infected 
and the other had been exposed by contact. In contrast, the animals in 7 
group 2 which suffered a very mild infection produced only low titres 
of neutralizing antibodies which appeared much later after infection 
than in the other groups; at 14 days after infection, only two out of 
four infected animals showed SNT titres. The absence of anti-ADV
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antibodies in the sera of the in-contact animals (Group 2) corroborated 
the fact that no transmission of infectious virus occurred from the 
intranasally infected pigs.
It was clear from the results that the Leeds-1 and Leeds-2 strains 
differed in their pathogenicity and the sequelae to infection. Many 
aspects such as, age of the animals used for infection and dosage of 
virus used for infection ought to be considered before classifying the 
strains as virulent or avirulent. Some characteristics of the Leeds-1 
strain are now known but less is known about the Leeds-2 strain, 
further studies with several doses of virus for infection, would pro­
duce more information about the pathogenicity of these strains, parti­
cularly Leeds-2. The epidemiology of infection with these strains 
could then be better understood.
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Fig. 5,1 The graph shows the rectal temperature of the 
two groups of experimentally infected pigs.
The range between 38.8°C and 39°C was considered 
as the normal range of temperature for these pigs.
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Fig. 5.2 Comparative diagram of clinical signs in pigs 
infected intranasally with ADV Leeds-1 strain.
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Fig. 5.3 Rectal temperature of the in-contact exposed pigs
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Fig. 5.4 Midbrain section showing acute encephalitis 
with perivascular cuffing (a) and glial 
nodules (b). (Final magnification : 307)
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Fig. 5.5 Encephalitis with severe perivascular 
infiltration of inflamatory cells (a), 
congestion and gitter cells (c). 
Midbrain x 307.
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VFig. 5.6 Cerebellum section showing meningoencephalitis 
with accumulation of glial cells in both the 
molecular and granular layers and congestion 
(b). (Final magnification 80).
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Table 5,1 Clinical signs observed in pigs experimentally
infected with ADV Leeds 1 or Leeds 2.
Leeds 1 Leeds 2
Pig Number 385 386 390 391 711 715 716 781
Excessive
salivation
++++ - + + + + + - - - . -
Depression + + + + -H-H- -H-++ - - - - -
Prostration ++ I I I Iriii + - - - - -
Constipation ++ -H-+ + | ||| + - -H- -
Conjunctivitis - +++ - -H-f -H- ++ - -
Anorexia + + + 1- 1 1- 1 TTTT -H- + + + + +
Swelling of 
the eyelids - + + + - -H- + + + - -
Walking in 
circles +++ - - - - - - -
Clinical signs 
(days after 
infection) 5 6 6 7 8 10 9 10
Death (days
after
infection) 7 9 7 NA NA . NA NA NA
+ = Noticed after careful examination 
++ = Noticed 
+++ = Clearly noticed 
111 + = Constant feature all the time 
„ NA = Not applicable
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Table 5.2 Virus excretion in pigs intranasally infected
with ADV strain Leeds-1 or Leeds 2
Virus isolation from nasal and pharyngeal swabs*
Virus Animal
No
Da1'
3
?s after infectioi 
5
i
10
Nose Pharynx Nose Pharynx Nose Pharynx
385 - + - ND ND
386 ■ — + —  _ ND ND
Leeds 1
390 + + + ND ND
391 - - + -
711 - - - -
715 — — —  — —  —  •
Leeds 2
716 - - - - —  —
781 - -  ' -
ND = Not done.
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Table 5,3 Serological response in pigs experimentally
infected with ADV Leeds 1 and 2
Specific antibody titres of serum
Animal
No
Days after infectionVirus
385 Dead Dead
386 Dead Dead
Leeds 1
390 Dead Dead
44.7 45.5391 <2 Intranasally
infected
711 <2 2.8
5.6715 <2
Leeds 2
716
781 <2
12.4 361.5389 <2Leeds 1
392 Dead Dead In-contact
exposure
712 <2 <2 <2
Leeds 2
708 <2 <2 <2
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Table 5.4 Lymphocytes transformation in pigs experimentally
infected with ADV Leeds-1 or Leeds-2
Animal Virus
Days after 
infection
Coui
in
its per minute and (SI) 
.ymphocyte’s cultures
Control
Antigen
ADV
Antigen Pha
385 7670 5492 67970(8.8)
386 Leeds-1 5 2694 2845 48793(18.1)
390 1591 987 56260(35.3)
391 2005 2419 72615(36.2)
711 16074 6990 104481(6.5)
715 Leeds-2 5 19036 18647 177034(9.3)
716 32743 14162 244262(7.4)
781 12516 14518 158327(12.6)
708* 25263 10550 222061(8.7)
712 — — 8170 7516 91509(11.2)
711 30729 38002 66710(2.1)
715 Leeds-2 7 759 610 19516(25.7)
716 . 7182 12108 23839(3.2)
781
-
4904
■
6531 36917(7.5)
712
. ..
5309 8216 12060(7.4)
714* - 8346 12670 62061(7.4)
391 Leeds-1 12 9387 23737(2.5) 79685(8.4)
.
711 8181 11602
.
25796(3.1)
715 Leeds-2 4589 6359 47784(10.4)
716 5149 7424 26692(5.1)
718 3794 5267 66133(17.4)
708* 2542 3901 39742(15.6)
782* — — 3741 5820 66133(17.6)
711 1966 2256(1.1) 62876(31.9)
715 Leeds-2 14 6539 8926(1.3) 24756(3.7)
716 2147 8632(4.0) 38637(17.0)
781 2501 5568(2.2) 83649(33.4)
712* — — 4689 6517 44545(9.5)
714* 5216 6154 37868(7.2)
* Non-infected (control) animals.
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Table 5,5 Virus isolation from tissues collected at P.M.
Tissue ANIMAL
390
Int ranasally inf< 
385
acted
386
In-contact
exposure
392
Olfactory bulb + + - +
Cerebrum + + . - -
Cerebellum + + + +
Tonsil + + + +
Submaxillary 
Lymph node + + + +
Lung - + - -
Spleen + + NE +
NE = Not evaluable (toxic)
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Table 5.6 Lesions recorded in pigs which died after 
experimental infection with ADV Leeds-1.
Organ 385
ANIMAL
386 390
Lymph node Congestion,
haemorrhage
Congestion Congestion
haemorrhage
Tonsil Necrotic foci, 
congestion
Congestion,
haemorrhage
Congestion
Lung Congestion Congestion
oedema
Congestion,
haemorrhage
Liver Congestion Congestion Congestion
Midbrain* Meningitis,
haemorrhage
Meningitis,
haemorrhage
Meningitis
Pons* Meningitis,
haemorrhage,
neuronophagia
Haemorrhage Meningitis,
haemorrhage
Cerebellum* Meningitis 
haemorrhage 
Gitter cells
Meningitis, 
haemorrhage
Meningitis, 
Gitter cells
Medulla* Haemorrhage None Meningitis
* These tissues showed congestion, focal gliosis and 
perivascular cuffing.
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VI Transplacental or early infection with ADV
The direct transfer of infectious microorganisms from parent to off­
spring has major epidemiological implications. It is important to 
consider its contribution both to the incidence of disease in popula­
tions, and to the long term maintenance of the infectious agents 
themselves within those populations.
An ADV-infected sow may pass the infection to her progeny either by 
transplacental infection, at parturition or during lactation (Kojnok, 
1975). The outcome of infection in young animals will depend upon 
several factors including the timing of infection, the virulence of 
the virus strain, and the presence or absence of protective elements 
of maternal origin.
From an epidemiological point of view transplacental infection before 
the third trimester of gestation is not of great importance because 
embryos or fetuses which are exposed to the virus during the first or 
second trimester of gestation are likely to be resorbed or aborted 
(Kluge and Mare, 1978). The risk of abortion in pregnant swine 
infected during the last trimester of gestation (ie. from 75th day 
after conception) is considerably lower than in sows infected before 
that time (Mare et at. 1976). Congenital transmission of ADV is an 
occasional feature of the disease; transplacental transmission, does 
not always occur, although when it happens the consequences of the 
infection for the unborn piglet may be devastating (Mengeling, 1982).
Immunocompetence in the pig develops quite early in gestation but it 
has been shown that transplacental infection with Swine Fever Virus 
(SFV) can cause a specific immunotolerance when the infection happens 
before 90 days at which time the fetuses are iramunologically mature 
(Van Oirschott, 1979a).
157'
The possibility that fetuses infected during the last trimester of 
gestation become carriers of ADV is a disturbing possibility which has 
not yet been investigated it is of importance because carriers infected 
in-utero reared in natural conditions would be difficult to identify 
by immunological techniques; any piglet born to an infected sow is 
bound to have antibodies of colostral origin. Additionally in-utero 
infection could produce disturbances in the specific immune response 
leading to what in SFV infection has been called immunosilent carriers.
Attempts to isolate virus from aborted or mummified fetuses delivered 
at term have given inconsistent results and this has prompted the 
suggestion that the ability to cross the placenta is a property of 
certain strains of ADV only (Kluge and Mare, 1978).
In the present study ADV was isolated from piglets whose only contact 
with the sow was during gestation and at parturition (see Chapter 4), 
suggesting that the infection happened either in-utero or in the birth 
canal. The failure of many strains to cross the placenta does not 
prevent infection of the new-born piglet. It has been reported that 
piglets may become infected during the first days of life through 
contact with the sow's milk or secretions (Kojnok, 1957; Davies and 
Beran, 1980).
The excretion of virus shortly after infection is a feature of ADV 
which has been experimentally demonstrated several times. The duration 
of virus shedding in nasal secretion varies from a few days to several 
weeks (McFerran and Dow, 1964; Corner, 1965). With regard to the 
genital tract, ADV has been isolated from the cervix of the infected 
sow but there is no experimental work on the length of time during 
which virus could be recovered. It is possible that, as in women 
infected with HSV-1, the cervical and vaginal mucosae are a source of
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infection for the offspring during parturition. It is not known 
whether such virus arises from a primary infection or as a result of 
virus reactivation. Notwithstanding this, the risk from infectious 
virus in the birth canal will be controlled by several factors includ­
ing time of infection, efficiency of the specific immune response and 
the characteristics of the virus strain involved.
The stage at which the newborn animal becomes infected, the virulence 
of the virus strain involved, and the passive protection acquired with 
colostrum will also affect the outcome of neonatal early infection.
The aims of the experimental work described in this chapter were to 
investigate:
a) Whether infection of pregnant sows with British strains of 
ADV in the third trimester of gestation produced transpla- 
central infection.
b) Whether congenitally-infected virus carriers can occur.
c) How the immune status of piglets was modified by colostrum 
and what effect it had on virus dissemination.
d) How variation in virus virulence affected these factors.
MATERIALS AND METHODS 
Experimental Design
Twelve pregnant sows free from antibody to ADV were inoculated intra- 
nasally at 85+2 days of gestation with one or other of two strains 
(Leeds 1 and Leeds 2) derived from a British field isolate of ADV (see 
Chapter 5). The litters were obtained either by hysterectomy at term 
or by natural farrowing. All piglets were sampled before any contact 
with the sow, and tested for the presence of virus or specific anti­
bodies.
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Animals and accomodation
Large white X Landrace sows from a minimal disease herd at the labo­
ratory were transferred to disease secure accommodation at approxi­
mately 60 days after service. Pregnancy was confirmed either by 
vaginal biopsy or by oestrone sulphate enzyme detection. The sows were 
allocated to individual pens. They received sow nuts* (5 Lbs/sow/day) 
and water ad libitum.
Viral Inocula and Inoculation
The inoculum was prepared from the virus stocks produced in PER cells 
(see Chapter 4), and stored at -70°C. The virus was diluted in serum- 
free MEM. The standard dose was 5X10°TCID^q except in two cases where 
a higher dose was used. The inocula were titrated immediately after 
inoculation and the results are recorded in Table 6.1. For infection 
the sows were sedated with Suicalm** (Azaperone 120 mg/pig). A blood 
sample was then collected. The inoculum was dispensed into the 
nostrils while the head of the sow was held upwards; the whole volume 
(3 ml) was dispensed in small amounts, 2 or 3 drops at a time, in order 
to avoid sneezing. Food and water were removed for the rest of the day 
or for a period of six hours if inoculation took place before 10 o fclock 
in the morning.
Hysterectomy procedure
Three sows were slaughtered at day 114 of gestation by humane killer.
Immediately after slaughter, the uterus was quickly removed and opened
to expose the piglets. Numbered pairs of crocodile clips were applied
to each umbilical cord and the cord cut between the clips. Piglets
were cleaned, revived, ear tagged, and weighed. The crown-anus length
was also recorded. A blood sample was collected, whenever posible from
* Sow * 15* nuts SCATS
** Janssen Pharmaceuticals, Belgium.
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the umbilical cord, or alternatively from the anterior vena cava. 
Pharyngeal mucus samples were collected from piglets with sterile 
cotton swabs, and immediately placed in 3 ml of MEM.
A minimum of four piglets were killed with a lethal dose of Sagatal* 
intravenously injected (120 mg Pentobarbitone sodium/pig). Post-mortem 
examinations were carried out on these piglets and tissues were collec­
ted for virus isolation and cell-mediated immunity studies.
Procedure for sows which farrowed normally
Three days before the expected farrowing date each sow was confined to 
a farrowing crate. Six days after farrowing, the crate was removed 
from the pen and the sow allowed to rear the litter for six or eight 
weeks. Each pen contained a wooden box (length 1.5 m; width .75m; and 
height 1.0m) and was provided with an extra source of heat (150 watts 
red lamp). Straw for bedding provided protection for the piglets.
From three days before the expected farrowing date sows were checked 
every six to eight hours for farrowing signs. The appearance of milk 
from more than one teat was unequivocal evidence of impending 
parturition.
The piglets were collected as soon as they were delivered and trans­
ferred to an isolation room. They were cleaned and ear tagged at once 
and a blood sample was collected from the umbilical cord. The weight 
and/or crown-anus length of piglets was recorded and a pharyngeal 
mucous sample was collected with sterile cotton swabs. After swabbing, 
the cotton swabs were placed in 3 ml of MEM, supplemented with anti­
biotics at double the usual concentration. Piglets were temporarily 
placed in cardboard boxes with straw and a 100 watt lamp was placed
* May & Baker Ltd Dagenham, England.
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60cm above each box. Piglets chosen for artificial rearing did not 
have contact with their litter mates. The placenta was carefully 
checked for the presence of lesions suggestive of ADV infection. In 
the event of mummified fetuses within the litter, two limbs (hind- 
limb and forelimb) were fixed in 10% buffered formalin and analysed by 
X-ray radiography according to the method of Wrathall (1974).
A colostrum sample was collected from the sow immediately after farrow­
ing, and at, 24 to 48 hours later. For this the udder was washed with 
warm water and soap and dried with blotting paper. Colostrum samples 
were collected into sterile 25 ml screwcap containers.
Artificial rearing of piglets
The piglets were normally allocated in individual cages, but exceptio­
nally two piglets shared a cage. The temperature of the room was kept 
at between 75° and 85°F. Additional heat was supplied when required 
using lamps positioned above the cage.
The piglets were fed with sow’s milk substitute (Vitasulkla No. 1) **• 
supplemented with 200 mg/pig/day of streptomycin sulphate (Streptovex)^ 
and 2.5 ml/pig/day of B complex solution (Becosym)^.
Virus isolation
Tissues were collected for virus isolation at the time of postmortem 
examination in all the following cases:
1) Piglets, either naturally or artificially reared, which were 
found dead.
2) Piglets killed due to their poor condition or at the end of 
the observation period.
*1 Beecham animal Health
2 Glaxovet Laboratories
3 Roche products Ltd.
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3) newborn piglets from two litters and
4) fetuses near to term whose dams died of the infection*
The tissues collected for virus isolation were: submaxillary and/or 
retropharyngeal lymph node, tonsil, lung, liver, cerebrum and cere­
bellum. From each tissue sample an approximately 10% suspension was 
prepared in MEM containing 500 I.U./ml penicillin, 500pg/ml strepto­
mycin and 100 I.U./ml mycostatin.
Tissues were disrupted by grinding with a mortar and pestle, using 
sterile sand. The suspensions were then centrifuged at 1,500 g. for 
ten minutes. After 60 minutes at room temperature, the supernatants 
were assayed for virus infectivity. Swab samples were subjected to 
30 sec. of shaking in a mechanical vortex mixer (Whirlimix) before
removing the swab. The fluid was centrifuged at 2,000 g. for 10
minutes and the supernatants treated similarly to the tissue super­
natants.
The assay for virus infectivity was carried out in microtitre plates, 
using PEK Cells as the indicator system. The cells were grown and 
maintained in MEM supplemented as described in chapter 3. Each sample 
was tested in quadruplicate. The tissue suspension supernatant was 
mixed with an equal amount of MEM (0.025 ml each) in the first row of 
a microtitre plate and doubling dilutions were made up to 1:16, PEK 
cells (0.050 ml) in MEM supplemented with 10% fetal calf serum were 
added to each well (1.5 X 10^ cells/well). The plates were sealed and,
incubated at 37°C. The cells were observed for cytopathic changes at
three, five and seven days after inoculation.
Fluorescent Antibody Test (FAT)
The presence of ADV antigen in cells was detected by the direct fluores-
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cent antibody test in tissues collected from piglets killed immediately 
after birth. Whenever possible the tissues were processed immediately
after collection; otherwise they were kept at 0° -4°C.
For the FAT, 5ym sections of frozen tissue were cut and a minimum of 
three serial sections were mounted on each glass coverslip. The tissue 
sections were air dried and fixed in acetone for two periods of five 
minutes each. The sections were then washed in two changes of 0.15 M 
PBS pH 7.2 for ten minutes. The excess PBS was removed and the sections 
were covered with anti-ADV rabbit hyperimmune serum conjugated to 
fluorescein-isothiocyanate and incubated at room temperature in a 
humidified chamber for 30 minutes. After washing for 20 minutes with 
PBS (two periods for ten minutes each) the sections were immersed for 
three seconds in a solution of Evans blue (1:00-000) in PBS. After a 
final short wash (five minutes) in PBS the coverslips were mounted in
glycerol on microscope slides. The sections were examined with a
Leitz microscope with the following characteristics: incident U.V. 
light illumination provided by a 50 w mercury vapour lamp; excitation 
filter with a range from 450 to 490 nm wave length (blue), planachro- 
mate 25X and 40X objectives and semi-apochromat 63X objective.
Cell-Mediated Immunity studies
Cell mediated-immune responses were detected in lymphocyte transfor­
mation tests. The proliferation of lymphocytes stimulated with ADV 
antigen was compared with the proliferation produced by a control 
antigen. Lymphocytes for the test were collected from blood, spleen 
and lymph node of newborn piglets killed immediately after birth, and 
from peripheral blood in sows infected intranasally. The test was also 
performed with mononuclear cells extracted from colostrum samples 
collected from five sows.
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Lymphocyte Transformation Test
In order to investigate whether lymphocytes from newborn piglets 
resemble lymphocytes from mature animals in their ability to respond to 
specific stimulus, a preliminary test was carried out with piglets from 
and ADV-antibody free sow. Spleen and lymph node (either submaxillary 
LN or retropharyngeal LN) were collected into cold PBS. The tissues 
were then chopped with scissors and disrupted in a tissue homogenizer. 
The cell suspension was adjusted to a volume of 15 ml with MEM and 
filtered through a four layers of sterile gauze and left to stand at 
4°C for 40 minutes so that cell clumps could settle out. The supernant 
was centrifuged at 1,200 g. for 10 minutes and the pellet resuspended 
in MEM supplemented with 10% fetal calf serum. The cells were washed 
once more and adjusted to a concentration of 4X10^ cells/ml.
Mononuclear cells from colostrum were purified according to the follow­
ing procedure. Colostrum samples (15 ml) were mixed with an equal 
amount of MEM containing five times the usual concentration of anti­
biotic (MEM+). The solution was centrifuged at 1,200 g. for 10 minutes 
and the pellet of cells resuspended in MEM+. After a second centrifu­
gation at the same speed and time the cells were resuspended in 8 ml of 
MEM. Four ml of the cell suspension were layered onto 3 ml of Ficoll- 
Paque* in a conical centrifuge (two tubes per sample) and centrifuged 
at l,000g. for 35 minutes. The cells suspended at the interfase 
between the ficoll-paque and MEM were mononuclear cells as determined 
by differential Giemsa staining. The cells were washed once more with 
MEM and resuspended in RPMI-1640 with 10% fetal calf serum at a concen­
tration of 2X10^ cells/ml. The lymphocytes from peripheral blood were 
separated following the method described in chapter 3.
* Pharmacia Fine Chemicals Uppsala, Sweden.
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Lymphocyte transformation tests were carried out following the proce­
dure previously described (see chapter 3) but the cell concentrations 
used were: Blood lymphocytes 2X10Vcells f°r antigenic stimulation and 
lXloVcells f°r mitogenic stimulation. Cells from organs; 4X105 
cells/culture for antigenic stimulation and 2X10^ cells for mitogenic 
stimulation.
Humoral Immunity studies
Specific antibodies were measured by serum neutralization test and by 
ELISA according to the procedures described in chapter 3. Blood 
samples were collected from: sows before inoculation and prior to 
farrowing; newborn piglets before suckling the sow; artificially-reared 
piglets, at the end of the observation period; naturally reared piglets, 
at regular intervals; and from piglets which had to be killed at any 
time. The specific antibodies present in colostrum were detected as 
well but the tests were performed with colostrum whey instead of blood 
serum. The sows were bled from either the jugular vein or the ear vein 
and the piglets from the anterior vena cava.
The humoral response of four litters born to naturally infected sows were 
measured by precisely the same methods and the results were included 
for comparative purposes.
RESULTS
1. The effect of ADV-infection in pregnant sows
Table 6.1 summarises the principal clinical features and their dura­
tion. After a period of 3 to 7 days the sows were depressed, reluctant 
to move and without interest in food. Pyrexia was not a constant fea­
ture but temperatures higher than normal were recorded only during the 
2nd or 3rd day of the disease in some cases. Lack of interest in food
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or water associated with constipation continued and sows spent most of 
the time lying on the floor. The first signs of recovery (4-12 days 
later) were, the drinking of water and a reluctance to be clinically 
examined. Conjunctivitis was a later sign of the disease, it appeared 
in the second half of the acute period.
The sows infected with Leeds-1 showed similar symptoms which varied 
quantitatively according to the dose but sows infected with Leeds-2 
showed much greater variation in their response.
There were much more signs of disease and persisted longer in the sows 
infected with Leeds-1 than in sows infected with Leeds-2 at comparable 
dose levels (Table 6.1).
Sow No. 927 showed a course of the disease similar to the other sows 
infected with Leeds-1, but after five days of prostration it was found 
dead.
Sow No. 602 was the first sow infected with Leeds-2: Seven days after 
infection some signs of the disease were evident. Sows 806 and 468 
were infected simultaneously with the same inoculum containing Leeds-2. 
Sow 806 showed anorexia and depression which lasted for 4 and 2 days 
respectively, while sow 468 after an incubation period of nine days was 
anorexic for only one day and never showed pyrexia. The next sows to 
be infected were sows No. 760 and 450 both were infected on the same 
day. None showed pyrexia, depression, anorexia or prostration. The 
only signs recorded in sow 760, 12 days after infection were nasal 
discharge and conjunctivitis. The poor clinical response as well as 
the low titres of antibodies detected at two or three weeks after 
infection in sows 450, 760 and 468 suggested that the dose of virus for 
infection had to be increased. Sow No. 183 was infected with a consi­
derably higher dose of virus and no only was the incubation period
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reduced to three days but all the clinical signs previously mentioned 
were seen. Depression and prostration were severe and the sow was 
reluctant to move at all. After seven days the sow did not show any 
signs of recovery so she was killed and the litter examined for evi­
dence of viral infection.
1.1 The humoral and Cell Mediated Immune Response
The humoral response of the experimentally infected sows was evaluated 
between 14 and 26 days post-infection, except in two cases in which the 
sows died before that time. Sow 927 died ten days after the infection 
and Sow 183 was killed in extremis twelve days after infection. In 
eight cases peripheral blood lymphocytes were collected and lymphocyte- 
transformation tests were carried out. A marked difference was 
observed in the immune response to ADV infection between sows infected 
with Leeds-1 and Leeds-2. Both SNT and lymphocyte tranformation tests 
produced positive results for sows infected with Leeds-1 whereas the 
values (SNT titres and stimulation index) recorded for sows infected 
with Leeds-2 were low. The SNT titres are presented in Table 6.2 and 
the results of the lymphocyte transformation tests (counts per minute 
and stimulation index) are presented in Table 6.3 in the appendix.
1.2 Effects of the ADV infection on the fetus
The effects of the ADV infection were evident on the fetuses. Four out 
of five litters collected at term from sows infected with Leeds-1 
included mummified fetuses. There was one litter with two mummified 
fetuses and two more litters with one each (Fig. 6.2). Only one of the 
litters born to sows infected with Leeds-2 had mummified fetuses but in 
this case the whole litter was mummified (Fig. 6.3). The aspect of the 
mummified fetuses was also different, autolytic changes were obvious in 
the whole litter of mummified fetuses (Fig. 6.4). In all cases the
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fetal age was estimated by the radiographic analysis of the ossifica­
tion centres (Wrathall, 1974) and it was concluded that they died 
between 96 and 100 days gestational age i.e. 10-15 days after the 
infection (Table 6.4).
The body weight at birth produced additional evidence of the effect of 
the infection upon the litter. There was a clear relationship between 
severity in the clinical manifestations of the disease in the sow and 
low body weight in the litter (Tables 6.1, 6.2 and 6.4 appendix). The 
mean body-weight of piglets born at term was higher in the litters born 
to sows infected with Leeds-2 than in litters born to sows infected 
with Leeds-1. A comparative diagram is presented in Fig. 6.1.
2. Virus Transmission
(a) Virus isolation results
Tissue samples from 91 live piglets and 11 mummified fetuses were 
tested for the presence of infectious virus. The details for each of 
the 12 litters are presented in Tables 6.1 to 6.12 in the appendix.
The results of the virus isolation are presented in Table 6.5 section 
A, B, C and D. No virus was isolated from tissues collected from a 
total of 27 piglets obtained before term even though sow No. 183 was 
slaughtered in extremis. Sow 806 was killed 12 days after infection in 
order to examine the fetuses at a time when transplacental infection 
should have happened, or shortly afterwards.
Negative results were similarly recorded in all the attempts to isolate 
virus from colostrum-deprived piglets both hysterectomy-derived and 
naturally-delivered. The total amount of piglets tested was 46 piglets 
from 8 litters. In the naturally-reared piglets, a clear difference 
between strains (Leeds-1 and Leeds-2) was observed in the virus isolation 
results for piglets which died within the first three weeks of life.
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None of seven piglets born to sows infected with Leeds-1 showed either 
signs of the infection or virus in their tissues, while ten out of 
eleven piglets born to sows infected with Leeds-2 showed presence of 
infectious virus in most of the tissues studied. Virus was isolated 
from lymph node, cerebrum and cerebellum from all the piglets which 
showed evidence of infection and from tonsils in all but one. Liver 
and lung were the least suitable tissues for virus isolation; liver 
quite frequently was toxic for the cell cultures and lung showed evi­
dence of virus only in three out of ten cases (Table 6.5 section D).
(b) Fluorescent antibody test results
ADV antigen was detected by the direct fluorescent antibody test in 
hepatic tissue from the litter of mummified fetuses delivered by sow 
602. The specificity of the reaction was checked by the fact that the 
patches showing fluorescence in one section were also seen in other 
sections. Negative results were recorded after the examination of 225 
tissue sections from 46 piglets and 4 mummified fetuses. The details 
of the piglets and the collected tissues are in Table 6.13 in the 
appendix.
3 Cell-Mediated Immunity
The preliminary experiments carried out with piglets born to an ADV 
antibody-free sow showed that both peripheral blood lymphocytes and 
spleen lymphocytes were suitable for the study of the cell-mediated 
immune response by the lymphocyte transformation method. Adequate 
quantities of cells were easily obtained, and the proliferation of 
lymphocytes after stimulation with Pha was comparable with the 
proliferation showed by lymphocytes collected from mature animals 
(see Chapter 3). Lymph node cells were difficult to disaggregate and 
this resulted in many fewer cells than from blood or spleen. Lymph
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node-derived cells showed equally good proliferation after stimulation 
with mitogen, but there were not enough cells for testing with more 
than one concentration of mitogen or antigen. The results as counts 
per minute and stimulation index are presented in Table 6.6. The 
stimulation index values of mitogen-stimulated cultures were clearly 
positive in all cases. The values were more homogeneous in the cul­
tures stimulated with the lower concentration of mitogen (.01%). The 
counts per minute (cpm) recorded in cultures stimulated with ADV antigen 
were lower than the cpm recorded in cultures stimulated with control 
antigen except in the case of pig No. 3 even though the stimulation 
index was below the positive-negative cut-off line (see Chapter 3).
Lymphocyte Tranformation in Hysterectomy-derived Colostrum- 
deprived piglets born to infected sows
Lymphocytes collected at birth from both peripheral blood and spleen 
of these pigs failed to show a proliferative response when stimulated 
with ADV antigen. Two groups of five piglets each were tested. The 
results are presented in Table 6.7 With few exceptions all the samples 
showed a positive stimulation index when treated with Pha. This was an 
indication of the viability of the cells and there was a difference in 
the absolute counts per minute recorded for each group of pigs but there 
was little variation among piglets of the same litter. The spleen 
lymphocytes showed better response to the mitogen stimulation in both 
groups. It was a clear indication therefore that the lymphocytes of 
these pigs were not sensitised against ADV.
4. Humoral Immunity
(a) Antibody detection in presuckling sera
Eighty five sera and 13 fetal fluid samples (98 samples altogether) 
from mummified fetuses were tested for the presence of anti ADV 
antibodies. All the samples were tested by both SNT and the class- 
specific (anti-IgM) ELISA test.
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All the results were negative. One sample showed evidence of virus 
neutralization at a dilution of 1:2 in the SNT (piglet 03 from sow 
2539) but the ELISA test result was negative. In an attempt to confirm 
the neutralizing activity of the serum, none was observed in three out 
of four micro-titre plate wells. Some samples were toxic for the cells 
(all the fetal fluid samples) particularly in the lowest dilution (1:2) 
making it impossible to read the test, the SNT titre therefore was 
recorded as <4 instead of <2. There were some samples which were toxic 
at all dilutions (up to 1:16); in such case only the ELISA test results 
were considered relevant.
(b) Antibody detection in colostrum-deprived piglets
Twenty one serum samples collected from colostrum-deprived piglets were 
tested for the presence of specific antibodies by both the SNT and the 
ELISA test. The results are presented in Table 6.8. there were two 
groups of colostrum-deprived piglets the first group (13 samples) which 
were hysterectomy-derived piglets. The samples were all negative to 
both tests. The second group (8 samples) were non-Hysterectomy-derived 
piglets. Since there was the possibility of ADV infection at birth, it 
was considered that in this group a minimum of 7 days of artificial 
rearing would be allowed before sampling the piglets. Two piglets died 
before the 7th day. There were three samples from this groups in which 
the SNT did not detect specific antibodies but the ELISA test rendered 
values which were within the positive range according to the Positive/ 
Negative cut-off value worked out in chapter 3. In the three cases the 
test was repeated twice on different days with similar results.
5. Passive acquired protection
The immune elements involved in the protection of the newborn animal 
present in the colostrum were studied in colostrum samples collected,
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at farrowing and within a period of 48 hours afterwards. Lymphocyte 
transformation tests were performed with mononuclear cells isolated 
from colostrum samples. Since a high proportion of colostral cells 
were polymorphonuclear cells on occasions thus there were too few 
mononuclear cells for this procedure. The results of the test are 
presented in Table 6.14 (appendix). There was great variation both in 
the total amount of mononuclear cells and in the response to mitogenic 
and antigenic stimulation. Some samples showed a low stimulation index 
even after stimulation with Pha.
The cultures stimulated with ADV antigen were considered positive when 
the stimulation index was equal to or higher than 1.7 (see chapter 3). 
Only two sows showed positive values for colostral cells and both were 
exceptional cases. One was a naturally infected sow, and the other was 
sow No. 602 which delivered the litter of mummified fetuses. With no 
piglets to suckle her, the concentration of cells in the sample was 
higher than in all the other cases.
The transfer of specific immunoglobulins to the piglets through the 
colostrum was assessed in blood samples collected from the naturally 
reared piglets at 48 or 56 hours after delivery. A great difference in 
antibody titres was observed between litters born to sows infected with 
Leeds-1 and those infected with Leeds-2. Two out of three litters born 
to sows infected with Leeds-2 did not show detectable amounts of 
antibodies in their serum and the other one showed SNT titres of 1:2 or 
lower. The average litter SNT titre of ten litters is presented in 
Table 6.9. The titres found in piglets born to sows infected with 
Leeds-1 were always higher than the titres recorded in litters born to 
sows infected with Leeds-2 but the highest titres were recorded in the 
litters born to naturally infected sows.
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5,1 Decrease in Maternal Antibodies
The decay rate of passively-acquired antibodies was studied in six 
litters; four were from naturally-infected sows and the rest from sows . 
experimentally infected with Leeds-1. The specific antibodies present 
in serial samples were measured by SNT and specific class ELISA test. 
The decay rate of maternal antibodies in piglets born to experimentally 
infected sows could be followed only in two litters (501 and 2383) the 
duration of circulating antibodies was related to the original titre 
because the litter born to sow 2383 which had low values from birth, 
showed negative values in both SNT and ELISA Test as early as 4 weeks 
after birth while the litter born to sow 501 showed positive IgG ELISA 
values even at eleven weeks after colostrum intake. No indication of 
IgM or IgG increase was ever recorded in those litters (Fig. 6.5 and 
6.6).
The rates of decrease recorded in the SNT titre of the litters born to 
naturally infected sows are shown in Fig. 6.7. The results recorded 
with the litter born to sow 570 were considered representative and are 
presented in Fig 6.9; IgG decreased in a rate very similar to the SNT 
titres but IgM which showed lower concentration from the beginning went 
to negative values as soon as ten days after colostrum intake. The 
lowest SNT titre recorded was in the samples collected at 7 weeks. The 
following sample showed a slight increase in SNT titre. The increase 
of antibody concentration was more evident in the anti Igm ELISA Test. 
Since the decrease in SNT titre and IgG values stopped at 7 weeks (Fig. 
6.7) the SNT titres recorded during 50 days for the four litters born 
to naturally infected sows were plotted in Fig. 6.8 and a regression 
line was calculated. The SNT titre are presented in Table 6.15 
(appendix).
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Table 6.2 Serum neutralization titres in sows experimentally
infected with ADV Leeds 1 and Leeds 2.
Sows infected with Leeds 1
Days after
Sow infection SNT
927 10 11.3*
501 17 108.6
2539 27 180.7
2383 26 643
2931 24 1024
676 26 1446
Sow infected with Leeds 2
468 21 2.3
450 14 5.0
760 14 5.6
183 12 7.1
806 18 16
602 21 320
* SNT titre
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Table 6*3 Lymphocyte transformation in sows experimentally
infected with ADV.
Sow Days after 
infection
Control
antigen
ADV Pha
2931 9 2078* 4093(1.97)** 13175(6.34)
2539 12 4821 22659(4.70) 24780(5.14)
2383 26 2786 15884(5.7) 36019(12.9)
676 19 1437 3879(2.7) 9340(6.5)
501 12 3680 44916(12.2) 11253(30.2)
602 16 24658 79442(3.2) 98344(3.98)
806 16 1281 2177(1.7) 7944(6.2)
468 21 16321 25134(1.54) 137096(8.4)
* Counts per minute
** Stimulation Index (see Chapter 3)
The first 5 sows were infected with ADV Leeds 1 and the 
remaining three with ADV Leeds 2.
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Table 6.4 Characteristics of litters born at term to sows 
experimentally infected with ADV at 85+ 1 days 
of gestation.
Sow No. Virus used 
for 
infection
Litter
size
Mean litter 
weight(g+SD)
Mummified
fetuses
Age of 
mummified 
fetuses(days)
2931 Leeds 1 10 1277+253 1 105
676 Leeds 1 14 960+204 1 100
2539 Leeds 1 13 N.D. 2 101 & 103
501 Leeds 1 10 1006+173 None N.A.
602 Leeds 2 8 597+104 8 98+2
760 Leeds 2 7 1091+201 None N.A.
450 Leeds 2 7 1371+223 None N.A.
468 Leeds 2 9 1286+238 None N.A.
ND = Not done
NA = Not applicable.
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Table 6.5 Virus isolation from piglets born to experimentally
infected sows.
A. Hysterectomy derived colostrum deidrived piglet.
Sow and 
virus 
used 
for
infection
Piglet
identification
Age at 
examination 
(days)
T LN L L C c
2931 31 0 - - - - - -
Leeds 1 32 0 - - - - -
33 0 - - - - - -■
34 0 - - - - . -  ■ -
35 0 - - - - - -
37 1 - - - - - -
39 1 - - - - - -
36 5 - - - - - -
38 5 - - - - - -
676 3 0 - . - - - -  .
Leeds 1 5 0 - - - - - -
7 0 - - - - ■ - -  '
10 0 - - ' - -  \ - -
12 0 - -  . - - - -
1 3 - - - - - -
2 3 - - - - - -
11 3 - - - - - -
14 3 - - - - - -
15 3 - - - - - -
4 7 - - - - -
6 7 - - - - - -
8 7 - - - ■ - - -
Total
13
23
7 — — — — — —
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B. Naturally farrowed co 
“ 2539 01 “
Leeds 1 02
03
04
05
06 
07
2383 
Leeds 1
501 
Leeds 1
450 
Leeds 2
468 
Leeds 2
760
Leeds 2 
Total
a
b
c
d
13
14
19
17
15
16
56
51
52
33
38
39
44
46
23
ostrum deprived piglet 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
3 
9 
9 
0
14 
14
0
0
0
9
10
NT
NT
NT
NT
NT
NT
NT
NT
NT
NT
NT
NT
NT
NT
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C. Piglets obtained before term.
927 
Leeds 1
806 
Leeds 2
183 
Leeds 2
Total
1
2
3
4
5
6
7
8 
9
10
11
12
13
14 
1 
4 
8
10
3
4 
8 
9
11
12
14
15
16 
27
O.N.A*
0 "
0 "
0 11
0 "
0 11
0 11
0 11
0 "
0 "
0 "
0 "
0 "
0 " 
it
ti
ii
ii
ii
ii
ii
a
ii
ii
ii
»»
ii
ii
-
-
-
T
T
T
NT
NT
NT
NT
NT
NT
NT
NT
NT
NT
NT
NT
NT
NT
D. Piglets born to infected sows and naturally reared which died
within the first 21 days of life
2539 410 1 - - - - - . -
Leeds 1 407 2 - - - - - -
408 3 - - - -  • -
2383 211 2 - - - NT NT
Leeds 1 201 3 - - - - NT NT
202 3 - - - - . NT NT
206 3 - - - - NT NT
760 41 21 + + - - + +
Leeds 2 47 10 - - - - - -
45 14 + + - - + +
42 14 + + - + + +
43 20 + + - - + +
468 31 5 + + + + + +
Leeds 2 32 5 + + - - + +
35 5 + + - + + +
34 4 + + + + + +
36 6 + - + + + +
37 6 + + - + +
Total 18 18 18 18 18 14 14
Virus 14
Isolation 10 9 3 5 10 10
NT = Not tested 
N.A. = not applicable 
T = Toxic
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Table 6,6 Cell Mediated Immunity in Newborn Piglets. Lymphocyte
transformation with cells collected from 
piglets born to ADV seronegative sow.
Piglet
No.
Cells from Control
Antigen
PHA .1% PHA .01% ADV
antigen
blood 7751* 222574(28)** 110265(14) 4152
1 spleen 8500 132227(15) 96403(11) 4765
lymph node 164 N.T. 8866(54) N.T.
blood 4604 68258(14.8) 75031(16) 2456
2 spleen 2014 181439(90) 117139(58) 1605
lymph node 466 N.T. 228166(49) N.T.
blood 512 63573(124) 28200(55) 752
3 spleen 580 74187(127) 49378(85) 756
lymph node 200 N.T. 16939(84) N.T.
* Counts per minute ( c.p.m.)
** The stimulation index (S.I.) are shown only when they are 
positive
S.I. = c.p.m. in stimulated culture (Pha or ADV antigen) 
c.p.m. in non-stimulated culture (Control Ag)
N.T. Not tested
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Table 6.7 Lymphocytes transformation in hysterectomy derived,
colostrum-deprived piglets born to experimentally
infected sows.
Counts per minute ( ) Stimulation Index
Peripheral blood lymphocytes Spleen cells
Piglet C. Ag. ADV Ag. Pha 0.01% C • Ag. ADV Ag. Pha 0.01%
31 16286 15840 84754 (5.2) 8646 12627 28952(3.3)
32 15903 19356 48178(3.0) 5484 3992 15671(2.8)
33 17433 19006 N.D. 15702 23250 121778(7.7)
34 8780 6126 72643 11593 12031 126818(10.9)
35 23300 19601 60825(2.1) 5362 6222 91904(17.1)
3 748 698 3864(5.1) 1307 1249 8936(6.8)
5 520 572 600 702 771 2278(3.2)
7 639 639 1661(2.1) 615 961 1894(3.0)
10 645 802 931 1592 1378 4260(2.6)
12 484 516 903 1013 1050 6343(6.2)
Stimulation Index = cpm in stimulated cultures
cpm in non stimulated cultures
The Stimulation Index is indicated only when it shows statistically 
significant values i.e. >1.7
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Table 6,8 Anti-ADV antibodies in colostrum-deprived piglets.
A. Hysterectomy derived piglets
Sow Virus strain 
used for 
infection
Piglet
Identifi­
cation
Days at 
Bleeding
SNT
Titre ELISA
37 1 < 2 Negative
39 1 < 2 Negative
1931 Leeds 1 36 5 < 2 Negative
38 5 < 2 Negative
1 3 < 2 Negative
2 3 < 2 Negative
11 3 < 2 Negative
14 3 < 2 Negative
676 Leeds 1 15 3 < 2 Negative
4 7 < 2 Negative
- 6 7 < 2 Negative
8 7 < 2 Negative
13 7 < 2 Negative
B. Naturally-farrowed piglets
19 2 < 2 Negative
17 3 < 2 Negative
501 Leeds 1 15 9 < 2 Positive
16 9 < 2 Positive
44 7 < 2 Negative
760 Leeds 2 46 7 < 2 Positive
51 14 c 2 Negative
450 Leeds 2 52 14 < 2 Negative
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Table 6.9 Average litter SNT-titre in two-three day old 
piglets born to ADV-infected sows.
Litter born 
to sow
SNT-titre Type of infection
2539 94 Experimental Leeds 1
501 112 Experimental Leeds 1
2383 11.8 Experimental Leeds 1
760 2, 2 and 2.8* Experimental Leeds 2
450 < 2 Experimental Leeds 2
468 < 2 Experimental Leeds 2
503 115 Natural
599 124 Natural
702 197 Natural
570 169 Natural
* The average SNT titre of this litter could not be calculated 
since three piglets had titres <2, one had a titre of 2 and 
another a titre of 2.8.
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Fig 6.1 Frequency distribution of body weight in piglets 
born to ADV infected sows. Litters born to sows 
infected with Leeds-1; upper graph. Litters born 
to sows infected with Leeds—2; lower graph.
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Fig 6. Mummified fetus found in the uterus of sow 676 
during hysterectomy at term. This sow had 
been infected with ADV Leeds-1*
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Fig 6.3 A whole litter of mummified fetuses delivered by the 
sow 602 which had been infected with ADV-Leeds 2.
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Fig. 6 4 Mummified fetus from the litter delivered by sow 602.
The autolytic changes are manifested. ADV antigens were 
detected in liver sections by the fluorescent antibody 
technique.
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Fig* 6*5 Decrease of maternal antibodies in piglets born to sow 501*
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Fig, 6.6 Decrease of maternal antibodies in piglets born to sow 2383.
The graph shows the mean of the ELISA values for IgG and IgM. 
The minimum positive values were 150 for IgM and 200 for IgG
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DISCUSSION
The results presented here concern two complementary areas: a) the low 
incidence of transplacental infection after experimental infection of 
sows in late pregnancy, b) the high rate of infection in the postnatal 
period in litters born to infected sows.
1. Transplacental infection
In these experiments evidence of in-utero infection was found in one 
out of twelve sows which were experimentally infected. Presumably as 
a result of the infection, the sow delivered mummified fetuses (a total 
of eight) in none of which was infectious virus detected; nor were 
specific antibodies present. However, transplacental infection was 
indicated by the detection of ADV antigen in sections of fetal liver. 
The failure to isolate infectious virus from the fetuses could have 
been due to the autolytic changes which characteristically occur after 
death (Morgan and Wrathall, 1977).
An important factor in the outcome of the infection for the fetus is 
the time of gestation at which the infection occurs. Mare et at•
(1976) & Kluge and Mare (1978) reported a high incidence of fetal 
mortality in sows experimentally infected in the first or second 
trimester of gestation. Indeed the decision to infect the sows at 85 
days of gestation was to avoid this happening and it was also hoped 
that this time of infection would provide suitable conditions for the 
detection of virus carriers by the appearance of a specific immune 
response.
It is interesting that other members of the herpesvirus group such as 
HSV-2 human which belong to the same subfamily (alpha) have also 
been reported to be lethal for the fetus (Waterson 1979). In contrast, 
children congenitally infected with Cytomegalovirus might display
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congenital abnormalities and impairment of the immune response to the 
virus but fetal death is a rare event (Foresgren, 1981). In animals; 
according to Plowright (1977), in-utero infections with herpes viruses 
in ungulates often leads to fetal death due to the lack of transfer of 
maternal immunoglobulins.
1•1 Pathogenesis of the infection with Leeds 1 and Leeds 2 strains 
of ADV.
The results, in general, were similar to the results reported by many 
other authors (Kluge and Mare, 1974; Mare et at, 1976; Mengeling et 
at, 1981). Thus, ADV infection in pregnant sows may produce a lethal 
syndrome or may pass undetected. The strain of virus and the dose of 
infection, being the determining factors.
The two British strains used in this research displayed a great differ­
ence in pathogenicites. All sows inoculated with Leeds-1, except one, 
showed similar symptoms and course of the disease; the exception died 
during the acute phase of the disease. The main effects of the infec­
tion upon the litters born to this group of sows were occasional non­
infected mummified fetuses in litters collected at term and the presence 
of piglets with a very low body-weight.
In sows inoculated with the Leeds-2 strain there were irregular 
manifestations of the disease. Two animals did not show any symptoms, 
another one had only a short lasting anorexia, while two others showed 
clinical signs described for sows infected with Leeds-1, although the 
severity of the symptoms and duration of the acute phase of the disease 
were both reduced. It was interesting however the one sow infected 
with a much higher dose of virus showed a very severe depression and 
prostration which came after a short incubation period which suggests 
that an increase in dose with Leeds-2 might produce the same clinical 
syndrome that Leeds-1.
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The determinant factors for the development of transplacental infection 
are not yet known. According to Mims (1976) the factors that localize 
microorganisms in the placenta are not understood but blood flow is 
slow in placental vessels, and this might provide maximal opportunity 
for virus localization. In all cases studied a focal placental lesion 
had been formed before fetal invasion. Replication of ADV in the 
placenta was reported by Hsu et at, (1981) who observed virus particles 
by electron microscopy inside necrotic lesions in placentas of sows 
which aborted infected fetuses. The relevance of the mechanism of 
virus dissemination was also made clear in the experiments carried out 
by Smid et at, (1981) They inoculated ten pregnant sows, eight of 
which had been vaccinated. In the latter no transplacental trans­
mission of virus was detected but of the other two animals, trans­
placental infection only occurred in one which was infected intrave­
nously and not in the other, which was infected orally. Clearly intra­
venous inoculation provides the virus with an optimum way of spreading, 
and avoids some of the non-specific mechanisms of defense which in 
natural conditions the virus has to counteract. Probably it is the 
extent of virus dissemination which determines the frequency of trans­
placental infection. In the experiments presented in this chapter the 
pathogenesis of the transplacental infection was not studied in detail 
because only one case was recorded and the autolytic changes which 
occurred in the mummified litter did not allow the placenta to be 
checked for ADV-lesions.
2. Infection during the neonatal period
The results presented here are in general agreement with the hypothesis 
that infected dams are a source of infection for the newborn piglets 
(Kojnok 1957, 1965; Davies and Beran, 1980). However none of these 
reports could be specific about the time of infection because virus
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excretion was not a constant feature in the sows.
2.1 Infection at Birth
Infection at birth was demonstrated in the colostrum deprived piglets.
A clear distinction should be made at this point, between colostrum 
deprived piglets which were hysterectomy derived and the colostrum 
deprived piglets from sows which farrowed normally. The former were 
intended to provide evidence of the presence or absence of in-utero 
infection since they were not in direct contact with the genital tract. 
In the event, they had no detectable antibody and virus was not isolated 
from them. However antibodies to ADV were present in serum of several 
naturally farrowed, colostrum-deprived piglets which can be taken as 
evidence of infection at birth. The validity of these results was 
ratified by testing the serum samples repeatedly together with the 
samples collected immediately after birth, which were always negative. 
The fact that no virus neutralizing activity was detected indicated 
that the level of antibodies was so small that it could only be detec­
ted by the sensitive ELISA method. It is also possible that the two
piglets which died 4 days after birth were infected, although anti­
bodies were not detected in their sera, this was not surprising 
because of the brief time which had elapsed. It was disappointing that 
no virus was isolated from various organs collected at death, although 
such negative results are not proof of absence of infection. Further­
more characteristic signs of the disease are usually absent in such 
young pigs (Baskerville et at, 1973).
These dead piglets had not perished for reasons of husbandry since
other piglets managed by the same rearing methods were healthy. The 
transmission of other herpesvirus at birth for example HSV has been 
reported several times. Waterson (1979) stated that the infection from
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the maternal genital tract was more frequent than transplacental infec­
tion and was usually though not exclusively caused by HSV type 2. The 
possibility of ADV transmission from the genital tract of the sow to 
the newborn animal had already been suspected and the results given 
here could be regarded as evidence for this view.
2.2 Effects of Maternal Protection upon Clinical Disease.
In the case of naturally-reared piglets, transmission of virus from sow 
to piglets was detected by virus isolation studies. The outstanding 
fact concerning early infection in these piglets was the contrast in 
the consequences of the infection between litters born to sows infected 
with Leeds-1 and Leeds-2. None of the naturally-reared piglets 
born to sows experimentally infected with Leeds-1 died or showed signs 
of the disease while all the naturally-reared piglets born to sows 
infected with Leeds-2 died or had to be killed in extremis and ADV was 
isolated from their tissues (Table 6.2 Section D). It was interesting 
and probably significant that only low antibody titres were found in 
their sows.
The fate of a newborn piglet which become infected with ADV depends 
upon the maternal protection acquired with the colostrum (Kojnok, 1975). 
In fact, McFerran and Dow (1973) reported that in litters born to 
infected sows, only those with an average litter SNT titre of 380 or 
above were able to withstand challenge infection with 10^*® TCID^q of 
ADV. In the present report the low rate of piglet mortality was a 
reflection of the levels of ADV antibody in the sows.
The protective properties of colostrum might not be confied solely to 
the antibody population. Several cell types have been idenitified in 
colostrum and milk, including both T and B lymphocytes, macrophages and 
neutrophils (Smith and Goldman, 1968) and it has recently been shown
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that transfer of elements involved in cell-mediated immunity occurs 
through the colostrum. Positive skin tests in breast fed children from
tuberculin-positive mothers were reported by Mohr (1973). Then Ogra et
*>.
at. (1977) found that the tuberculin-reactive lymphocytes were absent 
in cord blood and they were present in colostrum and early milk of 
women with tuberculin-reactive peripheral blood T cells. The detection 
of CMI in colostrum from ADV infected sows, reported in this thesis is 
therefore interesting especially since one animal was naturally infec­
ted and the other one experimentally infected. The main problem for 
the test used was the great variation of the total cell counts of the 
colostrum samples and secondly, the variation in the proportion of the 
different cells. Since the test was routinely performed with mononu­
clear cells, a high proportion of macrophages produced a reduction in 
the lymphocytes population. Some special features of colostral-lympho- 
cytes have been reported. A comparison of their in vitro proliferative 
response to specific antigens with those of peripheral blood lympho­
cytes suggested that milk lymphocytes represented a selected population 
of cells (Smith and Schultz, 1977). Schore et at• (1981) demonstrated 
that bovine mammary gland lymphocytes were significantly less responsive 
to mitogens than were peripheral blood lymphocytes and the former 
contained a large proportion of T lymphocytes, which do not response to 
T lymphocytes-mitogens in culture. The results reported herein were 
comparable to the results reported by Wittmann and Ohlinger (1984), 
who evaluated the antigen-induced proliferation of spleen lymphocytes 
from piglets reared by ADV vaccinated sows. In their work, of the 25 
piglets which were tested only two showed a positive response.
3. Virus Dissemination and the Immune Response in Passively 
Protected Animals.
In this report the duration of the maternally-derived antibodies and
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dissemination of ADV was examined only in litters of pigs born to sows 
experimentally infected with Leeds-1 strain or naturally infected 
because all those infected with Leeds-2 produced litters which died 
within three weeks after farrowing. It was not unexpected that the 
four litters born to naturally infected sows had comparable SNT titres 
of maternal antibodies, which decreased at a steady rate. The lowest 
values were recorded approximately seven weeks after birth and later 
showed only slight variations. It was the utilization of the specific 
immunoglobulin-class ELISA test which provided evidence that after the 
seventh week the pigs were producing their own antibodies. The litters 
born to experimentally infected sows had a wide range of different 
titres of maternal antibodies, presumably because one dam had been 
infected at 30 and the other 13 days before farrowing. It was not 
surprising therefore that although the maternal antibodies declined in 
both litters, the antibody concentration in the litter born to the sow 
infected late in gestation dropped to undetectable values sooner than 
in the other litter. The most prominent difference between the groups 
was the absence of a response in the litters born to experimentally 
infected sows. There was no increase in the IgM or IgG ELISA values 
during a period of 12 weeks and this lack of response could only have 
been explained by absence of infection. It was demonstrated by Sabo 
and Blaskovic (1970) for instance that after intranasal infection, a 
strong local immunity developed which lasted for 60 to 90 days. Under 
these conditions local immunity might prevent the shedding of infectious 
virus. This could have been the situation with the experimentally 
infected sows. Furthermore since the piglets were immune, no virus 
replication could occur. The long lasting duration of maternal anti­
bodies recorded in the litter born to sow 501 was in agreement with the 
findings of Sorodoc and Koch (1983). In their work on piglets born to 
vaccinated sows maternal antibodies were detected by the ELISA technique
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for-14 weeks. In general, it is thought likely that the duration of 
maternal antibody titres are related to the titre attained after 
ingestion of colostrum and to the presence or absence of the virus in 
the piglets.
From the present work no general rules can be laid down regarding 
the transmission of infectious virus during the postnatal period.
Since at present the detection of specific antibodies represents the 
only practical tool for the detection of virus carriers, further 
studies are necessary in order to obtain a better understanding of the 
effects of the specific immune response upon early infection.
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VII. IN VITRO STUDIES OF ADV STRAINS LEEDS-1 AND LEEDS-2
In the in-vivo experiments described in chapter 5, ADV strains Leeds-1 
and Leeds-2 showed substantially different characteristics in adult 
pigs. Four out of six experimentally infected pigs died in the group 
infected with the Leeds-1 strain while none of the six pigs infected 
with the Leeds-2 strain showed typical clinical signs of the disease.
In the latter group the only clinical sign observed was a slight and 
transient increase in body temperature. The virulence for mice of the 
strains was also measurably different (Harkness & Sands, 1985). The 
reliable differentiation of ADV strains by in-vitro methods would 
enable us to avoid the expense of experiments involving animals, 
requiring special accommodation facilities, and the subjective assess­
ment of features such as pruritus (Tozzini 1981).
There are several biological characteristics of ADV which have been 
shown to vary with the strain. Bodon et at• (1968) reported that the 
Bartha strain, which is a naturally attenuated strain, was more res­
istant to heat and to trypsin than three field isolates of ADV. Bartha 
(1969) later observed that the increased resistance of the attenuated 
strains to heat and to trypsin was a feature in common with other 
herpesviruses, including Infectious Bovine Rhinotracheitis virus.
Lloyd and Baskerville (1978) studied several characteristics of the 
avirulent Bartha strain and the virulent NIA-2 strain in order to 
determine biological markers related to virulence. Both strains were 
highly susceptible to U.V. light, and to low pH (below 4), but differ­
ences were observed in the susceptibility to trypsin and to heat. The 
virulent strain (NIA-2) being more susceptible Platt et at• (1979 and 
1980) successfully differentiated nine ADV strains by the comparison of 
several characteristics including sensitivity to trypsin and to heat as
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well as the effects on inoculated animals* It was shown that while the 
sensitivity to heat or trypsin was not related to the virulence of the 
strains for pigs, the ability of the strains to produce clinical signs 
and death in mice or rabbits experimentally inoculated gave a clear in­
dication of the virulence for pigs. These experiments also showed that 
there is a narrow range of temperature and pH within which the differ­
ences in heat sensitivity could be detected between strains. Tempera­
tures below 45°C hardly affected the virus titre, but differences in 
percent survival were observed between two ADV strains at 48°C and pH
6.9. However, when the temperature or pH were increased beyond these 
values the differences in percent survival decreased.
The replication of ADV in macrophages has not been used for differen­
tiation studies but is clear that it could be an interesting feature of 
any strain because the interaction between ADV and macrophages in-vivo 
may play a crucial role in the outcome of infection. Macrophages are 
an important component of the host defence against any viral infection. 
Functions such as phagocytosis or destruction of virus-infected cells, 
and presentation of antigen to lymphoid elements initiating a specific 
immune response, probably occurs during the initial replication of ADV 
in lymphoid organs (Sabo and Blaskovic 1970). It has also been repor­
ted that spread through the blood stream occurs mainly as cell-associa­
ted virus particles (Wittmann et at• 1980) it is therefore possible 
that the macrophage is the most important element of the non-specific 
mechanisms which restrict generalized dissemination of virus and, in so 
doing reduces the probability of the development of lethal lesions in 
the CNS.
There is only one report in the literature about ADV replication in 
alveolar macrophages (Smid et at• 1981). The alveolar macrophage pro­
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vides a good model for the study of ADV-macrophages interaction because 
there is no reason to believe that the alveolar macrophage is a different 
cell from the circulatory monocyte. Although there are morphological 
differences these may be due to the different environments in which 
they are found. The erabryological origin of the alveolar macrophage 
has been a matter of debate in the past, particularly whether it origi­
nates from the epithelial cells lining alveoli or from monocytes that 
migrate through the walls of alveolar capillaries. The current view is 
that alveolar phagocytes develop from monocytes that arrive at the 
alveolar wall by way of the bloodstream, and migrate through the epi­
thelial lining of the capillary to enter the lumen of an alveolus (Ham 
and Cormak, 1979). The experiments of Godleski and Brain (1972) gave 
support to this view. Mice given lethal whole body irradiation were 
kept alive by giving bone marrow cells from a healthy mouse. Washings 
from the lungs of the irradiated mice subsequently revealed cells, pre­
sumably alveolar phagocytes, bearing the marker of the donor mouse.
Some of the techniques developed for the study of the genome of herpes­
viruses have also been used successfully for the differentiation of ADV 
strains (Geek et at, 1982a; 1982b). The most widely used technique in­
volves the treatment of the viral DNA with restriction endonucleases 
and separation of the resulting fragments by electrophoresis in agarose 
gels. The analysis of the migration pattern of the different fragments 
provides a powerful tool for differentiation between virus strains 
(Lawrence 1983).
This chapter records in-vitro experiments to investigate some of the 
biological differences between the Lees-1 and Leeds-2 strains of ADV.
The isolates were studied for sensitivity to heat and to trypsin, their 
ability to multiplicate in macrophages, and the cytopathological
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changes induced in such cells. In addition restriction endonuclease 
analysis of viral DNA was carried out. Two other ADV strains were 
studied by the same methods. These strains were chosen because they 
were of differing virulence. The Stanley strain was isolated from a 
field outbreak of disease in East Anglia. The NIA-4 strain is the 
naturally attenuated avirulent strain isolated in Northern Ireland.
MATERIALS AND METHODS
1.1 Culture medium, diluents and buffers
The tissue culture medium used for virus dilution, cells growth and 
maintenance was Eagle MEM supplemented with Earles salts, 2mM L- 
Glutamine 0.11 g/1 sodium pyruvate, 0.5 g/1 lactalbumin hydrolysate,
1.8 g/lt sodium bicarbonate, 100 I.U./ml penicillin 100 pg/ml strepto­
mycin 20 I.U./ml mycostatin. Heat and trypsin treatments were carried 
out in a physiological saline-dextrose-lactalbumin hydrolysate solution 
(SGS) described by Davies and Beran (1981) this has been used in other 
similar assays because its molarity and pH prevent physical inactiva­
tion of virus (Platt et al3 1979 and 1980). A litre of SGS contained
1.1 g potassium phosphate, 0.29 g sodium phosphate, 0.15 g magnesium 
sulphate, 0.016 calcium chloride, 1.0 lactalbumin hydrolysate. The pH 
was adjusted with IN. hydrochloric acid or 1 N. sodium hydroxide to pH 
6.6. The solution was sterilized by filtering through a millipore 
filter of 0.22 ym. pore diameter after which the pH was raised to pH
6.9. Phosphate buffer 0.15 M pH 7.2 was prepared exclusively with 
sodium salts.
1.2 Viruses
The four strains used in this experiment had been purified by limiting 
dilutions in PEK cells. Virus stocks were prepared by inoculating PEK
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cell monolayers in 800 ml plastic flasks with one of the four strains
at a multiplicity of infection (MOI) of 1.0 or 2.0. After 60 minutes
the monolayers were overlaid with MEM containing 10% fetal calf serum. 
The infected cells were incubated at 37°C. and harvested at the time 
when at least 80% of the cells showed CPE (usually after 24-36 hours). 
Virus was released by two cycles of freezing and thawing. The har­
vested culture fluid was clarified by centrifugation (1500 g for 20 
minutes) and the clear supernatants were stored at -70°C in 1 ml ali­
quots until required. Titres of stock viruses were Leeds-1, 109.1 
TCID50/ml Leeds-2, 108*35 TCID50/ml Stanley, 108*6 TCID50/ml and 
NIA-4, 108-85 TCID50/ml.
1.3 Assay for virus infectivity
Infectious virus was titrated by inoculating 0.05 ml of 10 fold dilu­
tions of virus suspension together with 0.05 ml of PEK cells (3 x 10^/ 
ml) into microtitre plates. Four replicates per dilution were tested. 
Virus titres were determined after 3-5 days at 37°C as (TCID50) calcu­
lated by the method of Reed and Muench (1938).
2. Heat sensitivity test
The test was carried out in water baths maintained at 48 + 0.2°C. ADV 
strains were diluted in MEM to a concentration of 103,3 TCID^Q/ml. so 
that a subsequent tenfold dilution in SGS would yield 10^ *3 TCID^Q/ml. 
Virus suspensions were maintained in an ice bath prior to and after 
heat treatment. 10 ml aliquots of virus suspension were dispensed into 
25 ml glass test-tubes. A 1 ml aliquot was removed for titration from 
each aliquot before treatment commenced. Heat treatment was carried 
out by placing the test tubes in the water bath, making sure that the 
virus suspensions were beneath the level of the water. One ml aliquots 
were removed from each tube at ten minute intervals, the final sample
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being removed after 60 minutes. Thermal inactivation was arrested by 
tenfold dilution in chilled MEM and samples were titrated for infec- 
tivity. The mean percent virus survival of duplicate samples was 
calculated. The experiment was repeated four times and the mean values 
for each time point were transformed using an arcsine transformation 
and regressed on time. Both the intersection values and the slopes of 
the inactivation lines were analysed by T test to show whether the 
trend of inactivation for each strain was different from the others.
3. Trypsin sensitivity test
In order to find out the optimum concentration of trypsin for these 
studies preliminary experiments were carried out with ADV strains 
Leeds-1 and Leeds-2.
Trypsin (Difco 1:250) was diluted to make a 10 % solution in distilled 
water and filtered using a millipore filter of 0.22 pm. pore diameter. 
After filtration the trypsin was dispensed in 5 ml aliquots and stored 
at -20°C until required
The trypsin sensitivity assays were carried out in SGS modified by the 
addition of 35 ml of 0.15 M phosphate buffer pH 7.2 per litre of SGS.
The 10% trypsin solution was further diluted in modified SGS to give 
solutions containing the following concentrations of trypsin, 0.1, 0.3, 
and 0.5 mg/ml. The pH was adjusted to pH 6.9, so that a final ten-fold 
dilution would yield the desired concentrations i.e. 0.01, 0.03 and 
0.05 mg/ml. The Leeds-1 and Leeds-2 strains of ADV were each diluted 
in SGS to provide suspensions containing 105*5/mi. The treatment was 
initiated by adding 1.0 ml of the virus suspension and 1.0 ml of trypsin 
solution to 8 ml aliquots of SGS. After mixing the aliquots were placed 
in a water bath at 30°C. A 1 ml sample was collected immediately after 
mixing and was considered to represent the zero time sample. Samples
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were subsequently collected at 10 minute intervals, beginning at 15 and 
ending at 55 minutes after the start of the experiment* Trypsin acti­
vity was stopped by a tenfold dilution in MEM containing 10% fetal calf 
serum*
The sensitivity to trypsin of the four strains was determined using 
0.03 mg/ml trypsin final concentration* Virus stocks were diluted as 
previously described* The tests were carried out in duplicate and 
samples collected at ten minute intervals* The mean percent survival 
was then calculated* A control sample without trypsin was kept for 
each strain at the same temperature. Aliquots for virus titration were 
collected at the beginning and end of the experiment from this sample. 
The experiment was repeated three times. The results were analysed 
statistically by the same procedure as described for heat sensitivity.
4. Virus Replication in Macrophages
4.1 Cells collection and culture.
Lungs were obtained from 2-3 week old pigs killed for tissue culture 
preparation. The lungs were removed immediately and the airways 
flushed out with cold Hank's solution (MHS) containing 22 g/1 sodium 
bicarbonate, 5 g/1 lactalbumin hydrolysate 200 I.U./ml penicillin,
200 pg/ml streptomycin and 40 I.U./ml mycostatin. MHS was introduced 
into the lungs through a small funnel inserted into the trachea. This 
washings was repeated three times with a total of 200 ml of MHS. The 
fluid was immediately centrifuged at 500 g for 15 minutes. After 
centrifugation cell debris and mucus were removed from the packed cell 
pellet by pipette. The supernatant fluid was decanted, and the cell 
pellet was resuspended in RPMI 1640 medium containing 0.2 M L-Glutamine
2.2 g/1 sodium bicarbonate and antibiotics at the concentrations pre­
viously described. The cells were allowed to stand in this medium for
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one hour in silicone-treated tubes* The cells were then counted using 
a Neubauer chamber, washed by centrifugation at 600 g. for 15 minutes, 
and the cell pellet resuspended in RPMI 1640 medium supplemented with 
10% fetal calf serum but containing only half the concentration of 
antibiotics previously described* The final concentration was 3x10^ 
cells/ml* The cells were either dispensed into one ounce plastic 
bottles or into leighton tubes, 2 or 5 ml of cell suspension respec­
tively. The cells were incubated overnight, before removing the non­
attached cells.
4.2 Macrophages infection.
The general procedure before infection was to remove and count the non­
attached cells in order to estimate the number of attached cells.
Cell, mono-layers were then washed with tryptose phosphate buffer (TPB) 
and infected by adding either 0.5 ml/bottle or 0.2 ml/leighton tube of 
virus suspension. The cells were incubated at 37°C for 60 minutes; 
the virus inoculum was then removed and the monolayers washed twice 
with PBS or TPB. The maintenance medium was RPMI-1640 with 10% fetal 
calf serum and the volumes used were 5 ml per bottle or 3 ml per 
leighton tube.
Experiment 1 - Single cycle growth curve
In order to investigate the length of the virus-replication cycle 
monolayers of alveolar macrophages in plastic bottles were infected at 
a multiplicity of infection of 5 TCID5o/cell with ADV strains Leeds-1 
or Leeds-2. Samples of culture fluid (0.5 ml) were collected for virus 
titration at the following times after infection: 3, 5, 6.5, 8.5, 12, 
16, 24, 40, and 48 hours. Samples were collected from at least two 
cultures at each time point and pooled for titration.
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Experiment 2 -
Replication of ADV strains Leeds-1 and Leeds-2 was compared by infec­
ting alveolar macrophages at a low multiplicity of infection, in order 
to evaluate the production of infectious virus after a period of 48 - 
72 hours in culture* The cultures were infected at a multiplicity of 
infection of 0.1 TCID5o/cell* Samples (0.5 ml) were collected for 
virus titration at the following times after infection: 16, 24, 40, 48 
and 72 hours, at least three cultures were sampled each time and the 
samples were pooled for titration. The experiment was repeated on five 
occasions.
Experiment 3 -
Macrophage monolayer cultures were infected with four ADV strains 
(Stanley, Leeds-1 Leeds-2 and NIA-4) in order to compare their growth 
curves. The multiplicity of infection in this experiment was 0.025 
TCID5o/cell. Samples of the culture fluid were collected at 16, 24,
48 and 72 hours after infection, and titrated for viral infectivity.
Experiment 4 -
The replication of four strains of ADV was compared in alveolar 
macrophages by measuring both the virus released into the culture fluid, 
and the infectious virus present intracellularly. A minimum of four­
teen macrophage monolayer cultures grown in one ounce plastic bottles 
were infected with one virus strain at a multiplicity of infection of 
2.5 TCID5o/cell. Culture fluid samples (0.5 ml) were collected for 
titration at 4 hour intervals during the first 24 hours after infection 
and at 8 hour intervals up to 48 hours. The final sample was collected 
at 60 hours. Each sample was pooled with those from at least two other 
infected bottles. For the titration of cell-associated virus; the 
culture fluid was collected and the cells washed twice with TPB. Five
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ml of RPMI-1640 medium were then added to each bottle. After two 
cycles of freezing and thawing, the fluid was collected and titrated. 
Two cultures were collected at each time point and then harvested 
fluids were pooled before titration. Culture samples were collected at 
8 hours after infection, and between 3 and 5 samples were collected at 
between 24 and 60 hours after infection.
4.3 Virus Antigen Detection in Infected Macrophages
The expression of viral antigens in pig alveolar macrophages was stu­
died after infection with ADV strains Leeds-1 and Leeds-2 using the 
direct fluorescent antibody test (FAT). Macrophage monolayers growing 
on glass coverslips were infected at either low or high multiplicity of 
infection (0.02 and 2.0 TCID5o/cell respectively). Infected and non­
infected cultures were fixed at the following times after infection:
16, 20, 24, 48 and 72 hours. After removing the culture fluids, the 
cells were fixed with acetone for two periods of ten minutes each. The 
cells were then washed with PBS pH 7.2 for 10 minutes. Fixed washed 
cells were stained with rabbit anti-ADV hyperimmune serum conjugated 
with fluorescein-isothyocyanate, the cells were Incubated at room 
temperature in a humidified chamber for 30 minutes. After washing for 
20 minutes with PBS pH 7.2 the coverslips were mounted in PBSrglycerol 
on microscope slides. The cells were observed under a Leitz microscope 
with incident ultraviolet illumination.
4.4 Virus-Induced Cell Damage
In order to observe and compare the cytopathological changes induced by 
ADV in alveolar macrophages, monolayers of these cells on glass cover­
slips, were infected (2.5 TCID5o/cell) with each of the four strains 
tested i.e. Leeds-1, Leeds-2, Stanley and NIA-4. At 8, 12, 16 and 24 
hours
212
after infection two infected coverslips for each strain and two non­
infected control coverslips were washed up with TPB and fixed with 
methanol for two periods of 15 minutes each. After fixation the cells 
were stained with haematoxilin and eosin and mounted in DPX* on glass 
microscope slides.
5. DNA Analysis
5.1 Enzymes, Buffers and Reagents -
A. Enzymes
(a) Restriction endonucleases: Bam HI, Kpn I, and Pst I 
(Bethesda Research Laboratories).
(b) Pancreatic RNA asa (Sigma).
(c) RNA asa ti (Sigma).
B. Buffers
(a) R.S.B. Hypotonic Buffer pH 7,5
0.01 M Tris
0.01 M KC1
0.0015M MgCl2
0.5 % NP-40
(b) N.T.E. Buffer pH 7.4
0.01 M Tris
0.01 M NaCl - ■
0.001 M EDTA(Na2)
(c) SCC Buffer pH 7.2
0.15 M NaCl
0.015 M Trisodium citrate
* The British Drug Houses Ltd.
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(d) Restriction Endonucleases Buffers (10 x Concentrate)
(i) Bam HI : 50 mM Tris/HCl (pH 8.0)
10 mM MgCl2 
50 mM NaCl
1 mM DL-Dithiothreitol (DTT)
(ii) Kpn I: 6 mM Tris/HCl (pH 7.5)
6 mM MgCl2
6 mM 2-Mercaptoethanol
(iii) Pst I 50 mM Tris-HCl (pH 8.0)
10 uM MgCl2 
50 mM NaCl
(e) Stop/Sink solution
1 M Tris/HCl pH 7.0 1 ml
60% Sucrose 1 ml
Distilled water 18 ml
2% aqueous sol. bromophenol blue 2 drops
(f) Electrophoresis buffer pH 8.0 (lOx concentrate)
Trizma base 10.9 g 
NaH2PO4.2H20 11.7 g 
EDTA (Na2) 0.925 g
5.2 DNA Extraction
Vero cell monolayers grown in 400 ml plastic flasks were infected with 
each of the four strain of ADV studied. In all cases the multiplicity 
of infection was between 4 and 8. Before the infection the cells were 
washed twice with serum-free MEM. After 60 minutes of incubation at 
37° C the inoculum was removed and 14 ml of phosphate-free medium (Flow 
laboratories) were added to each flask. Cultures were then incubated 
at 37°C. Three hours after infection 100 pi of phosphate-free MEM 
containing 1 mCi of 32p (radioactive phosphorous) were added. The 32p
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was purchased and stored before use as PBS solution (Amersham 
International). The infected cells were harvested when 80% or more 
cells showed CPE (usually 24-30 hours after infection). The harvested 
cells were centrifuged at 1000 g. for ten minutes and the pellet of 
cells resuspended in one ml of cold RSB buffer. After vigorous shaking 
5 ml of RSB buffer were added. During this stage all materials were 
kept on ice. Cell debris was removed by centrifugation. The virus was 
then concentrated by ultra centrifugation of the supernatant at 80,000 g. 
for two hours. The small pellet was resuspended in 250 pi of NTE buffer 
and after vigorous shaking the sample was transferred to a conical tube 
(volume 1.5 ml) and a further 250 pi of NTE added. A second vigorous 
shaking followed. Redistilled phenol (0.5 ml) and 20% SDS solution 
(25 pi) were added to each sample and mixed gently. After centrifu­
gation at 2750g for ten minutes the aqueous phase was collected and 
further 0.5 ml of phenol was added. The samples were centrifuged 
again, and the aqueous phase was transferred to another tube, when 
0.5 ml of chloroform was added. After centrifugation at 2750 g for 
3-4 minutes, the top layer was collected and mixed gently with 2-3 
volumes of ethanol. The nucleic acid was then pelleted by centrifu­
gation at 2750 g for 15 minutes. After removing all the ethanol the 
sample was resuspended with 0.450 ml of SSC buffer and treated with 
RNAasa. A' and RNAastf»ti, 50 pg/ml and 100 I.U./ml final concentration 
respectively. The samples were dialyzed against 1:10 SSC buffer for 
48 hours at 4°C.
5.3 Restriction Endonucleases Digestion and Electrophoresis 
Since all the phosphorous present in the DNA was radioactive the counts 
per second registered for each sample when placed at 1 cm of a radio­
activity detector were considered an indication of the amount of DNA
/
present in the sample. Whenever possible, similar amounts of DNA were
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used for each enzyme treatment* Each sample included three pi of 
reaction buffer (lOx) concentrate, three pi of enzyme, and double 
distilled water in the required amount in order to produce a final 
volume of the reaction mixture of 30 pi* The digestion treatment was 
carried out on a plate rocker for a minimum of three hours* The reac­
tion was stopped with 10 pi of stop/sink buffer* The fragments were 
separated by overnight electrophoresis (17 hours) on O.75% agarose gels 
(Agarose Sigma type 1) at 1.5 V/cm using a horizontal system for sub­
merged gels*. The gel was removed and allowed to dry at 37°C. The 
dried gel was then placed against an autoradiographic film (Kodak 
X-Omat AR-5) in a light-tight bag, in a photographic press. After 2-4 
days, the films were developed according to the film manufacturers 
instructions.
RESULTS
Heat Treatment -
The percentage survival values of ADV at the different intervals during 
the heat treatment are presented in Table 7.1 and Fig 7.1. The titres 
of the four strains after 60 minutes of treatment were very similar but 
the rates of virus inactivation were different. None of the four 
strains tested could be considered heat sensitive because after one 
hour at 48°C the decrease in titre was less than 20% in every case. 
Since the rate of inactivation was more important than the virus titres 
at the end of the experiment a regression line was calculated for each 
strain. After the Arcsine transformation of the virus survival 
percentages the equations for the four strain were:
Leeds-1 - 1.49 - .00395 x time 
Leeds-2 = 1.56 - .00688 x time
*Model H4 Bethesda Research Laboratories, Ic.
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Stanley = 1.46 - .00683 x time
NIA - 4 = 1.40 - .00492 x time
The first figure indicates the intersection value in the Y axis 
(transformed values of virus survival) and the second the slope i.e. the 
smallest the value the shallower the slope. *Tf tests indicated that 
there was not significant difference between slope of the inactivation 
curves for the four strains. The intersection value for Leeds-2 (1.56)
was significantly greater (P<0.5) than the other groups but this could
not be considered as resulting from the treatment because the original 
amount of virus was fixed. Variations between results for the same 
strain were not large as shown in Fig. 7.1.
Trypsin treatment -
The preliminary experiments showed that a final concentration of 0.01 
mg/ml trypsin did not have a significant effect upon the infectivity of 
the virus, whereas a concentration of 0.05 mg/ml produced a very rapid 
decrease in virus titres, to the extent that an accurate comparison of 
the inactivation rates were not achieved. A final trypsin concen­
tration of 0.03 mg/ml produced a decrease in virus titre which was 
within the measurable range and made comparison possible (Table 7.2).
It was decided therefore to use this concentration (trypsin 0.03 mg/ral) 
for the comparison of the four strains.
The residual infectivity was measured five times during a period of 
60 minutes for each of the four ADV strains (Table 7.3 Fig 7.2). The 
differences among the titres of the four strains at the end of the 
treatment divided the strains into two groups. The strains Leeds-1 and 
Leeds-2 could be considered moderately sensitive since their titre 
after treatment was close to 50% of the original titre. Stanley and 
NIA-4 were more resistant the decrease in titre observed for these
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strains was below 20%. The statistical analysis of the regression 
lines showed some statistically significant differences also. The 
equations for the four strains were:
Leeds-1 = 1.66 - .0149 x time
Leeds-2 = 1.56 - .0145 x time
Stanley = 1.61 - .00954 x time
NIA -4 =1.40 - .00733 x time
'T* tests indicated that the slope for NIA-4 ( -.00733) was signifi­
cantly shallower than both Leeds strains (both P<.01) and similarly 
comparing Stanley with both Leeds (P<.05 for both). This indicates that 
the NIA-4 and Stanley strains are less sensitive than the Leeds strains 
to trypsin.
ADV Replication in Macrophages
The results of experiment 1 "Single cycle growth curve" are presented 
in Table 7.4. Both Leeds-1 and Leeds-2 replicated efficiently in pig 
alveolar macrophages. No significant increase in virus titres was 
observed until 12 hours after infection. Since the previous sample 
collection had been made at 8.5 hours after infection it was concluded 
that the release of infectious virus to the extracellular space started 
after 8.5 hours post-infection. The rate of titre increase could be 
considered to be similar for both strains but the titres recorded at 
16, 24 and 40 hours after infection were greater for the Leeds-1 strain 
than for Leeds-2. The differences were 1.0, 1.25 and 1.55 Logio 
TCID5o/ml respectively#
The results of experiment 2 showed more clearly the difference in the 
efficiency for replication in macrophages. When macrophage cultures 
were infected with a low multiplicity of infection. The results for 
the Leeds-1 strain showed a steady increase in infective virus in the
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culture fluid from 16 hours after infection, when the cultures were
first sampled, until the final sampling at 72 hours after infection.
Cultures infected with Leeds-2 did not show significant increase in
infectivity until 24 hours post-infection and the titres recorded at
40, 48 and 72 hours after infection were substantially lower than the
titres recorded with strain Leeds-1. The results of a representative
experiment are shown in Fig. 7.3 and the differences in titres between
strains were of approximately 3 and 1,5 Logio TCID5o/ml at 40, 48 and
71 hours respectively. The titres recorded at different times post
infection in five assays in which the cells were infected with a
multiplicity of infection of 0.1 were compared and the difference in
titre between the two strain analysed by 'T1 test. There were no
significant differences between the values recorded at 24 hours after 
tnf.e-<J-'on , u jhe.re.as V A e  i/A /oes recor<)cc/ a /  *?g h o u r s
infection showed a statistically significant difference between strains 
(Pc.01) (Table 7.5).
The results of experiment 3 in which four ADV strains were compared are 
shown in Fig. 7.4. Some differences were observed both in the final 
titre and in the time at which the maximum titres were reached. The 
Stanley strain showed maximum titres 48 hours after infection. The 
Leeds-1 strain also obtained maximal titres rapidly; by 24 hours 
titres were only slightly lower than maximum. The NIA-4 strain showed 
the lowest titre 10^*^ TCID5Q/111I compared to 10®-  ^ TCID^Q/ml showed by 
by the Stanley strain. The Leeds-2 strain gave intermediate results, 
titres recorded at 12, 16, 24 and 40 hours after infection were greater 
than the titres of NIA-4, but lower than the titres of Leeds-1 or 
Stanley.
In experiment 4 an accurate correlation between intracellular and 
extracellular virus was observed in each of the four strains. The
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titres of extracellular virus and intracellular virus increased in a 
similar fashion and invariably the maximum titre of cell-associated 
virus preceded the maximum titre of cell-free virus (Figs. 7.5 and 
7.6). The Stanley, Leeds-1 and Leeds-2 strains showed a sharp increase 
in titre between eight and twelve hours after infection. Except for 
the NIA-4 strain all showed maximum titres of intracellular virus at 
24 hours after infection. The titres of cell-free virus increased 
exponentially during the first 30 hours after infection in macrophages 
infected with strains Leeds-1 and Leeds-2. Cultures infected with the 
Stanley strain showed a similar exponential increase in titres which 
slowed at 24 hours after infection. The Stanley and Leeds-1 strains 
showed the highest virus titres. Both strains reached their peak at 
48 hours after infection while the Leeds-2 strain reached maximal 
titres 28 hours after infection. The NIA-4 strain produced lower yield 
of both intra and extra-cellular virus at all the stages tested. The 
highest titre recorded for this strain was at 60 hours after infection 
which was also the last sampling time (Table 7.6).
Virus Antigen Detection
Macrophages infected at low multiplicity of infection showed specific 
fluorescence at 16, 24, 48 and 72 hours after infection but there were 
differences in the amount of cells showing fluorescence. At 16 hours 
after infection there were more cells showing fluorescence in cultures 
infected with Leeds-1 than in cultures infected with Leeds-2. At 72 
hours after infection however there were more positive cells in cul­
tures infected with Leds-2, this may have been due to the low number of 
surviving cells in cultures infected with Leeds-1. The results are 
summarised in Table 7.7. Macrophages infected with high multiplicity 
of infection showed positive cells at 16, 20, 24 and 48 hours after 
infection without there being significant differences in the proportion
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of positive cells between strains ( Fig, 7,7).
Virus-induced Cell Damage in Macrophages
The lesions observed in infected cells were the presence of inclusion 
bodies in either the nucleus or the cytoplasm; the formation of multi­
nucleated cells (Polykaryocytes); pyknosis and karryorrhexis. Neither 
intranuclear nor intracytoplasmic inclusions bodies were observed in 
cells infected with strain NIA-4, The cultures infected with the other 
three strains showed both types of inclusion bodies, but the difference 
among them was the proportion of cells which showed such lesions.
There were more cells affected in cultures infected with the Stanley 
strain than in cultures infected with the other three strains. In cul­
tures infected with the Stanley strain intracytoplasmic inclusion 
bodies were detected earlier (12 hours after infection) (Table 7.8). 
Pyknosis and karryorrhexis were observed in cells infected with all 
four strain of ADV tested; the only difference was that there were 
fewer cells showing karryorrhexis in cultures infected with Leeds-2 and 
NIA-4 than in cultures infected with Leeds-1 and Stanley. Clearly 
difference between strains was the formation of multinucleated cells. 
These cells were observed in cultures infected with the strain Stanley 
at 12 hours post infection. At the same time the cultures infected 
with Leeds-1 showed only a few polykarocytes and non were observed in 
cultures infected with Leeds-2 or NIA-4. At 16 hours after infection 
the multinucleated cells were found in macrophages infected with Leeds-1 
and already present in small amounts in cells infected with Leeds-2 but 
not in cultures infected with NIA-4. (Figs 7.8 and 7.9).
DNA analysis
The electrophoretic profiles of the four strains of ADV analysed after 
digestion with restriction endonucleases showed differences either in
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the number of fragments or in their mobility# The fragments generated 
after cleavage showed a variety of molecular weights within the range 
of 20 and 0,5 million Dalton. It was among large fragments that 
differences were consistently found. The mobility and resolution of 
the bands formed by the small fragments were inconstant. The electro- 
pherograms obtained after digestion with Pst I are shown in Fig. 7.10. 
The NIA-4 strain is clearly different from the other three strains; the 
first fragment (a) migrated further down indicating that it has a lower 
molecular weight than the same fragments of the other strains. This 
enzyme was regarded as unsuitable for the differentiation of the other 
three strains due to the similarity in the molecular weight of the 
fragments produced, leading to a poor resolution. The four fragments 
f,g,h,i were seen in Leeds-! while Leeds-2 and Stanley only three bands 
could be observed. After digestion with Bam HI, 14 DNA fragments could 
be recognised (Fig 7.11) which were identified by numbers. The NIA-4 
and Leeds-2 strains were similar, and different from the other strains 
since they lack fragment No. 7. They also differ from each other in 
the position and therefore size of fragments 9, 10 and 11. No clear 
differences were observed in the electrophoretic profiles DNA from 
Leeds-1 and Stanley after treatment with Bam HI.
Eleven fragments produced after treatment with Kpnl were identified 
with capital letters and are shown in Fig. 7.12. A study of fragments 
E, F, G, H and I provided a means of differenciating between the four 
strains. Fragments H and I from the NIA-4 strain, migrated further and 
were therefore smaller than the same fragments from the other strains. 
Leeds-2 and Stanley showed a similar distribution of fragments E and F, 
and G, H and I forming two groups, Leeds-1 showing a heavy band in the 
E position, which could represent fragments E and F together, and 
another band probably G, in an intermediate position between F and H.
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DISCUSSION
The study of biological characteristics of four strains of ADV might 
be useful both as a method for strain characterization and for advan­
cing the understanding of the heterogeneicity of clinical manifesta­
tions in animals infected with ADV.
Thermal inactivation of viruses depends on several factors. Fleming 
(1971) found that for a given strain of Semliki Forest Virus, the rate 
of inactivation varied with the cell type in which the virus was grown, 
indicating that host-cell derived material is directly involved. The 
virus used in the experiments presented in this chapter were all grown 
in the same type of cells and no differences were observed in the 
thermal inactivation rates. Probably the four strains tested had 
similar heat sensitivity (very low) or perhaps the methods employed 
were not able to demonstrate differences. Platt et at. (1979) using 
48°C pH 6.9 reported the formation of three groups of strains, heat 
resistant, moderately sensitive and sensitive. Seven of eleven strains 
were moderately sensitive. Such ranking was not possible with the 
strains tested in the present studies due to the lack of statistical 
significance between the slopes of the inactivation curves. There was 
no correlation between virulence and heat sensitivity as suggested by 
Bartha et at. (1969) and Bodon et at. (1968). The Stanley, Leeds-1 and 
NIA-4 strains which are known to be of different virulences were in the 
same group. The lack of correlation between these two markers is in 
agreement with the results of Golais and Sabo (1975) and Platt et at 
(1979). It was interesting to note that in the experiments of Golais 
and Sabo (1975) only the SUCH strain, a naturally attenuated virus was 
not sensitive to heat. In contrast, strains TK 900, CK-PRV and BUK 
which were artificially attenuated, were heat sensitive. Heat stabi­
lity is a characteristic of all the three naturally attenuated strains
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described to date (Bartha, SUCH and NIA-4). The concentrations of 
trypsin used in the comparative test was five times higher than the 
concentration used by Platt et at, (1980) but 50 times lower than the 
concentration reported by Lloyd and Baskerville (1978). This suggests 
that the proteolytic activity of trypsin preparations varies greatly, 
making it impossible to compare results obtained by different authors, 
and it is clear that preliminary estimation of effect must be made 
every time sensitivity to trypsin is to be investigated.
Bigger differences in sensitivity to trypsin were detected between 
strains than for the heat treatment studies. No correlation was 
observed, however, between trypsin sensitivity and virulence; this 
relationship was suggested by Bodon et at, (1968) and Bartha et at, 
(1969). The two trypsin-resistant strains identified; Stanley and 
NIA-4, are at opposite ends of the virulence spectrum. A similar lack 
of correlation was reported by Platt et at, (1980) and Mocsari (1981).
ADV Replication in Macrophages
According to Mims (1964) macrophages are in a position to control the 
susceptibility of animals to virus infections since they monitor the 
main body compartments and may control the entry of viruses to target 
organs. ADV infection in pigs under natural conditions occurs mainly 
via the nasal and oral mucosae and subsequent replication of the virus 
takes place in the lymphoid organs (Sabo & Blaskovick 1968). This 
initial replication may include infection of macrophages. In other 
virus infections it has been reported that in vivo viral infection in 
macrophages may result in death of the macrophages, or alternatively to 
persistent infection and pathology resulting from various degrees of 
immunosuppression (Mims 1972).
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The use of porcine alveolar macrophages in studies of the replication 
of intracellular microorganisms has been reported several times (Watt 
et at, 1973, Smid et at, 1983 and Hood et at, 1984). The experiments 
presented in this chapter show that ADV replicates in macrophages with 
an efficiency similar to that reported for other herpesviruses, and for 
ADV itself in other cell systems (Kaplan 1969).
The results obtained in the one-step cycle experiment were compatible 
with the results obtained by other authors for HSV and ADV in rabbit 
kidney cells (Kaplan 1969). In these experiments the exact duration 
of the latent period could not be estimated due to the residual virus 
inoculum, but, repeated washing of the cultures after infection led to 
detachment of macrophage cells from the plastic surface. The effect 
of the multiplicity of infection upon the length of the latent period 
had been clharly shown by Kaplan (1957). In the rabbit kidney cells 
infected with HSV the latent period with a low input of virus (1.6) was 
seven hours while with a high virus input (64) it was five hours.
Using the same cell system the latent period for cultures infected with 
ADV at a high multiplicity of infection was five hours (Kaplan and 
Vatter 1959). The differences between Leeds-1 and Leeds-2 were more 
pronounced in the experiments carried out with low multiplicity of 
infection, this suggests that the slight difference in the titre 
observed in the one-step cycle were amplified during multiple cycles of 
infection.
The precise correlation between intracellular virus titres and extra­
cellular virus observed in experiment No. suggested that the titres 
recorded in the supernatants in all the assays were a direct measure of 
virus replication.
There is no experimental data about ADV replication in macrophages in
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vivo, Hirsch et at, (1970) reported that in mice the increase suscep­
tibility of immature animals to HSV infection correlated with a differ­
ence in macrophages response to the infection. Since the response of 
the macrophages may change with the age of the animal and with the 
environment in which the cells are infected, the proliferation of ADV 
in alveolar macrophages collected from 2-3 weeks-old pigs may provide a 
different picture of the in vivo process.
Detection of ADV antigens in infected cells by FAT has been widely used 
for diagnostic purposes (Gustafson 1981) but mainly in tissue sections 
from infected animals (Wang et at, 1981). The experiments reported in 
this chapter were designed to detect differences in the appearance of 
fluorescence after infection with different strains of ADV. McCracken 
and Clarke (1971) reported that in primary pig kidney cells infected 
with ADV at high multiplicity of infection, cells showing specific 
fluorescence were seen from two hours after infection onwards, and at 
six hours after infection all the cells of the culture were positive.
In cells from similar cultures examined under the electron microscope 
virus was released from five hours after infection onwards. Since 
macrophage cultures in these experiments were infected with a low 
MOI it is possible that the difference in appearance of positive cells 
observed at 16 hours after infection was due to the different rate of 
virus replication of the two strains of the Leeds isolate. The 
cytopathogenicity produced in macrophages by the four ADV strains 
tested, correlated well with the pathogenicity of the strains. It is 
possible to arrange the strains in decending order of cytopathogenicity; 
Stanley, Leeds-1, Leeds-2 and NIA-4. A direct comparison of virulence 
of the Stanley and Leeds-1 strains in pigs has not been carried out. 
Field reports suggest that the Stanley strain is more pathogenic that 
the Leeds 2 strain. The NIA-4 strain is the least pathogenic; therefore
226
the strains data suggest that, there is a valid correlation between 
cytopathic effect and virulence for pigs.
All four strains were readily differentiated by their electropherograms. 
Similar results were reported for other ADV strains by Paul et at, (1982) 
and Lawrence (1983).
The use of this technique may have some practical advantages over many 
other fingerprinting methods. Several strains can be characterised in 
a single test; Platt et at, (1980) differentiated 6 ADV strains using 
four separate markers; the markers profile of each strain was based on 
its sensitivity to heat and to trypsin and its virulence for mice and 
rabbits involving much time consuming and tedious work. Even though 
the DNA fingerprinting technique could not replace the inoculation of 
laboratory animals when the virulence of the strains are is be investi­
gated. The DNA analysis technique may be the ideal way of finding the 
source of infection after accurate identification of the strain 
involved in a particular outbreak. The successful use of the technique 
for epidemiological studies, however, requires a careful analysis of 
the causes and the frequency of variation in the electrophoretic pro­
files of the digested DNA. According to Ben-Porat et at. (1984) the 
differences in the migration patterns of the restrictions fragments 
could be due to a loss of cleavage sites, generating fusion fragments, 
or deletions or insertions of nucleotide sequences, thereby yielding 
smaller or larger fragments, or translocation of sequences from one 
region to another changing the size of fragments. The stability of the 
ADV genome has been tested both after several passages in vitro and in 
vivo• The results showed that only after ten passages in pigs were 
changes in the restriction fragments detected (Mengeling et al. 1983).
In a different experiment, Gielkens (1984) reported that no changes
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were observed in the genome of ADV which was reactivated by corti- 
costeriod treatment of pigs experimentally infected two months before; 
the electropherograms of the virus used for inoculation and the virus 
recovered after treatment were similar. It is possible therefore that 
genome variation is not a common feature in the ADV-infection cycle. 
This indicates that the possibility of a common origin for the two 
Leeds strains was small. Most likely they had an unrelated origin.
The small restriction fragments produced after digestion did not show 
a consistent migration pattern. Changes in the size of these fragments 
cannot therefore be regarded as of significance. In the experiments of 
Mengeling et at3 (1983) ten clones obtained from the same virus stock 
showed considerable variation in the small restriction fragments, and 
such variations were undetectable when the virus was repeatedly passaged 
without prior cloning, the results presented in this chapter are 
similar to the results reported by other authors for the NIA-4 strain 
(Gielkens and Berns 1982) and after treatment with the Pst I enzyme, the 
results were very similar to those for the Bartha strain (Geek et 
at• 1982a) supporting the view that naturally attenuated strains have 
many similarities. With regard to the other strains; Stanley and 
Leeds-1 strains after treatment with Bam HI enzyme displayed the DNA 
pattern described as type I which is the most common type in Europe 
while Leeds-2 strain after treatment with the same enzyme showed the 
DNA pattern described as Type I variant (Herrman et at• 1984).
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Table 7.1 Virus survival at 48.0°C (percentage)
Time
(min)
Leeds 1 Mean 
+ S.D.
0 100 100 100 100 100
10 100 100 93 87 95+6.2
20 100 100 80 81 90.2+11.2
30 100 100 80 81 90.2+11.2
40 100 100 93 87 95+6.2
50 84 100 86 81 87.7+8.4
60 94 100 80 81 88.7+9.8
Leeds 2
0 100 100 100 100 100
10 92 90 100 100 95.5+5.2
20 92 100 100 100 98+4
30 100 100 86 91 96+5.6
40 92 100 73 91 89+11.4
50 76 90 80 91 84.2+7.4
60 84 90 80 83 84.2+4.1
Stanley
0 100 100 100 100 100
10 85 100 92 94 92.7+6.1
20 92 92 92 94 92.5+1.0
30 92 76 85 89 85.5+6.9
40 78 76 77 83 78.5+3.1
50 78 84 81 86 82.1+3.5
60 85 76 81 86 82+4.5
NIA-4
0 100 100 100 100 100
10 100 76 88 91 88.7+9.9
20 92 76 84 89 85.2+6.9
30 84 84 84 89 85.2+2.5
40 84 84 92 91 87.7+4.3
50 84 84 88 91 86.7+3.4
60 84 76 84 89 83.2+5.3
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Table 7.2 Determination of optimum concentration of
trypsin required to potentially inactivate ADV
Trypsin concentration 
O.lmg/ml
Leeds 1 Leeds 2Strain
Time (min)
3.75* 3.50 3.50 3.50
4.00 3.50 3.50 3.25
4.00 3.50 4.00 3.50
3.75 3.25 3.75 4.50
4.00 3.50 3.75 3.75
3.50 3.25 3.50 3.25
Trypsin concentration 
0.03mg/ml
3.75 3.75 4.00
4.50 3.75 3.75 3.75
4.00 3.75 3.00 3.25
3.00 2.75 2.25 3.00
3.25 2.50 1.75 3.25
2.25 2.751.25
Trypsin concentraion 
0.05mg/ml
4.00 3.50 4.253.75
2.25 1.50 3.002.00
*TCID50/.050 ml
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Table 7.3 Virus survival after treatment with trypsin 
(Percentage)
(Trypsin 0,03 mg/ral pH 6,9)
Time
(min)
Leeds 1 Mean 
+ S.D.
0 100 100 100 100
15 100 100 100 100
25 93 88 100 93.6+6.0
35 66 73 69 69.3+3.5
45 72 68 66 68.6+3.0
55 55 60 60 58.3+2.8
Leeds 2
0 100 100 100 100
15 100 96 193 96.3+3.5
25 80 81 81 80.3+0.5
35 60 75 72 69.0+7.9
45 64 81 46 63.0+17.5
55 54 680 33 51.0+17.6
Stan]Ley
0 100 100 100 100
10 100 100 100 100
25 100 85 90 91.6+7.6
35 100 71 90 87.0+14.7
45 84 78 87 83.0+4.5
55 80 78 83 80.0+2.5
NIA-^
0 100 100 100 100
15 85 90 80 85.0+5
25 72 78 80 76.6+4.1
35 74 78 80 77.3+3.0
45 74 80 85 79.6+5.5
55 74 78 85 79.0+5.5
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Table 7.4 Replication of ADV in pig macrophages
after infection at 5 M01
Time (hours) Leeds 1 Leeds 2
3 104.1* 104.0
5 104.35 1q 3.6
6.5 104.85 103.6
8.5 104.10 10.3.6
12 106.85 105.10
16 107.10 106.10
24 1q 8.0 IO6.75
40 108.65 10.7.10
48 1q 8.35 10.7.65
*TCID5o/ml
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Table 7.5 Replication of ADV macrophages infected at 0.1
M.O.I.
Assay 1
Time (hours) Leeds 1 Leeds 2
24 7.80* 4.80
48 7.80 5.05
72 7.80 7.80
Assay 2
24 7.85 2.60
48 7.46 4.10
Assay 3
12 <2.60 <2.60
16 4.85 <2.60
20 5.35 3.35
24 6.10 3.10
40 8.85 4.35
48 9.10 5.30
72 10.10 7.25
Assay 4
24 5.10 3.60
48 8.35 4.10
72 8.60 7.35
Assay 5
24 7.85 <2.60
40 7.10 3.35
48 7.46 4.10
* TCID5o/ml
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Table 7.6 Replication of ADV in pig alveolar macrophages
Time Leeds 1 Leeds 2 St an!Ley NIA--4
(hours) A B A B A B A B
4 1.75* - 1.75 - 2.0 - 1.50 -
8 1.50 3.50 1.50 3.0 1.50 3.75 0.75 3.25
12 3.75 5.50 4.0 5.75 3.75 5.50 1.25 -
16 3.75 5.75 4.25 6.0 4.0 6.0 1.50 3.50
20 4.0 6.50 4.50 6.25 6.0 7.0 2.25 4.50
24 5.0 7.25 5.75 7.0 6.50 6.50 3.0 4.50
30 6.50 - 7.0 - 6.50 - 3.75 -
40 7.0 5.75 6.75 6.25 7.0 6.0 4.0 4.0
48 8.0 5.75 7.0 5.75 8.0 6.0 4.50 4.75
60 7.25 6.0 7.0 5.75 7.25 5.50 5.50 4.50
* TCID50/0.025 ml
A = Virus present in the supernatant fluid 
B = Virus present inside the cells.
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Table 7.7 Detection of ADV in infected macrophages 
by fluorescent antibody.
Time after 
infection 
(hours)
Macrophages inf( 
Leeds 1
scted at MOI = 0.02 
Leeds 2
24 ++ —
48 ++ +
72 +* ++
Macrophages infected at M01=2.0
16 ++ +
20 +++ ++
24 +++ -H-4*
48 + ++
+ Fluorescent cells were found only in some fields 
++ Fluorescent cells were clearly seen but not in all 
the fields
-H-+ Fluorescent cells were clearly seen in each field 
- No fluorescent cells were seen in at least 15 fields 
* The samples fixed after 72 and 48 hours of infection 
showed few cells attached to the glass, a great 
proportion of them were positive.
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Fig. 7.3 Virus replication in pig alveolar macrophages infected 
at 0.1 MOI with Leeds-1# and Leeds-20 strains of ADV
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Fig. 7.5 Replication of ADV in pig alveolar macrophages 
infected at 2.5 MOI. # Leeds-1 OLeeds-2 
—  virus in the culture fluid
 . cell-associated virus.
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Fig. 7.6 Replication of ADV in pig alveolar macrophages 
infected at 2.5 MOI. ■ Stanley strain
□ NIA-4 strain virus in the culture
fluid --*----cell associated virus
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Fig. 7.7 Pig alveolar macrophages infected with ADV Leeds-1 
strain showing virus antigens in both nucleus and 
cytoplasm detected by fluorescent antibodies. The 
cells were fixed at 24 hours after infection 
(total magnification 3780)
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Fig. 7.8. Pig alveolar macrophages 12 hours after infection with ADV 
Leeds-1 strain showing intranuclear inclusion bodies, cell 
fusion and karryorrhexis. (total magnification 2640)
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Pig alveolar macrophages 16 hours after infection 
with ADV Leeds-2 strain showing intranuclear 
inclusion bodies, karryorrhexis and pyknosis. 
(total magnification 2640)
Fig. 7.10 Electrophoretic profiles of DNA of four
strains of ADV after treatment with Pst I 
Mw: Molecular weight in millions of daltons 
(after Geek et al* 1982a).
246
Fig. 7.11. Electrophoretic profiles of DNA of four strains of 
ADV after treatment with Bam HI
Kbp : kilo base pairs (after Gielkens and Berns 1982)
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Fig. 7.12 Electrophoretic profiles of DNA of four
strains of ADV after treatment with Kpn I.
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VIII GENERAL DISCUSSION AND CONCLUSIONS
The most important findings of the experiments reported here, might be 
listed as follows:
1. Transplacental infection with ADV was very low in sows infected 
late in gestation (85 days) yet vertical transmission to the 
neonate was high.
2. The consequences of early infection in piglets depended upon the 
maternal protection which they acquired with colostrum.
3. The Leeds-1 and Leeds-2 strains of ADV which differed in virulence, 
replication in macrophages and restriction enzyme fingerprinting, 
were isolated from the same animal in the same outbreak of disease.
4. The sensitivity of the strains to trypsin and to heat was similar
and did not correlate with virulence for pigs, the replication in 
macrophages however showed a positive correlation with virulence.
5. The in vivo studies on virulence together with some observations
of the immune response provided a wider understanding of the
pathogenesis of the infection.
Transplacental and Neonatal Infection.
Transplacental infection and neonatal infection have different impli­
cations for the epidemiology of the disease. According to Mims (1981), 
transplacental transmission in general is not significant as a means of 
maintaining infections in populations because infected fetuses must 
develop more or less normally and survive parturition to dissemminate 
infection in the outside world in order to play a part in the infection 
cycle.
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In the present work transplacental infection was, apparently a 
relatively rare event in contrast to neonatal transmission. Before 
considering the implications that such a high rate of transmission 
might have for the epidemiology of the disease^ It must be noted that 
ADV infection is able to produce severe reproduction loss in pregnant 
swine in the absence of transplacental infection (Kluge and Mare 1974). 
In the experiments with the Leeds-1 strain there was acute disease in 
the pregnant sows, which resulted in the death and mummification of 
fetuses none of which was infected. Furthermore, the birthweight of 
some piglets born to these sows was very low. Gustafson et at• (1969), 
reported that 19 out of 24 fetuses were mummified in two litters born 
to sows infected at 45 days of gestation compared with none in two 
litters whose sows were infected at 62 and 72 days of gestation, and 
three out of 18 born to two sows infected at 93 days of gestation, 
implied not unexpectedly that young fetuses were more susceptible to 
systemic upset of the dam. In utero infection with some other herpes­
virus closely related to ADV is also known to cause fetal death such 
as; HSV-2 infection in humans (Waterson 1979), both HSV-2 and ADV 
belong to the alpha-herpesvirinae subfamily (Rowson et at* 1981).
In the case of neonatal infection of humans both parturition and the 
first days of life provide many opportunities for transmission of virus 
from the mother to the child, due to the close contact which exists 
(Mims, 1981; George, 1982), the same situation would obviously be 
obtained in pigs infected with ADV; and the role of the infected sow 
as a source of virus for other pigs has been emphasized several times 
(Nikitin, 1961; Kojnok, 1965). The results observed with both experi­
mentally and naturally infected sows, corroborated those reports.
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Different sequelae to early infection may be observed and this early 
infection may also have important consequences for epidemiology of the 
disease. Infected piglets may or may not suffer from the disease. In 
most cases they are protected by maternal antibodies acquired with 
colostrum, but pigs with low levels of colostral antibody may develop 
the disease, which usually runs a fatal course in animals of such an 
age (Wrathall 1975). For obvious reasons the latter class is unim­
portant from an epidemiological point of view but the former (piglets 
infected while protected by maternal antibodies) require careful 
consideration; in this case maternal antibodies prevent clinical 
disease but do not stop virus replication in infected animals (McFerran 
and Dow 1973). In the experiments reported here the different sequelae 
to infection were clearly seen. Litters born to sows infected with the 
Leeds-1 strain of ADV were well protected by colostral antibodies, and 
no signs of the disease were recorded, whereas pigs born to sows 
infected with the Leeds-2 strain of ADV were poorly protected, and all 
pigs died of the infection within three weeks of birth. Since colostrum 
is a serum trasudate rather than a true secretion (Bourne and Curtis 
1973) the amount of antibody in colostrum is correlated with the immune 
response evoked by the infection in the sow. The results on experi­
ments with the Leeds strains clearly show that infection with an aviru- 
lent virus led to a poor immune response in the sow which ultimately 
results in a high mortality rate in young pigs (Fig. 8.1).
With regard to passively protected piglets; four litters born to 
naturally infected sows and two litters born to sows experimentally 
infected with the Leeds-1 strain were well protected by colostral 
antibody and were also infected. The important epidemiological conse­
quences should be considered. Any pig which has contact with the virus 
might be regarded as a potential carrier of virus, whether or not it
251
developed clinical disease in the first contact with the virus- In 
fact, McFerran et at, (1984) suggested that infection under the cover 
of maternal antibody may have a major place in the epidemiology of the 
disease- Maternal protection prevents clinical disease, leading to a 
healthy carrier which is the usual way in which infection gets into 
non-infected herds. The detection of specific antibodies is the only 
way in which those healthy carriers could be detected. This detection 
method has to be used, however, bearing in mind the presence of maternal 
antibodies during the first weeks of life. In the experiments reported 
here, the decay-rate of maternal antibody differed between litters born 
to experimentally infected sows and litters born to naturally infected 
sows. The duration of colostral immunity was correlated with the 
starting titre- The age at which the piglets' active immune responses 
were detected also differed. In piglets born to naturally infected 
sows, an active immune response was first detected at seven weeks. In 
piglets, born to experimentally infected sows no active immune response 
was detected during a period of 13 weeks. However, only two litters 
were examined, which is an inadequate sample size on which to draw firm 
conclusion. Sorodoc and Koch (1983) reported that in litters born to 
sows vaccinated with an inactivated vaccine, antibodies were detected 
up to the 14th week. The detection of healthy carriers therefore could 
only be acheived by sampling repeatedly the pigs born to infected dams.
A minimum of two samples collected at 7 and 14 weeks after birth would 
provide information about the presence of infection. On the other 
hand, animals like the pigs born to experimentallly infected sows, 
require further examinations before being regarded as free of virus.
More extensive studies including more animals are required in order to 
improve the possibilites of developing a test able to discriminate 
between carriers and virus-free animals.
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The Experimental Virus Strains.
The isolation of Leeds-1 and Leeds-2 from the same outbreak is another 
observation worthy of note. It has been suggested that characteri­
zation of the strain involved in any outbreak, by methods such as 
restriction enzyme analysis might provide a reliable fingerprint which 
might be used as basis for epidemiological investigation of the origin 
and secondary spread of the infection (Lawrence 1983). The results of 
the present study suggest that there may be more than one strain 
present in an infected farm. Although the discovery of two strains was 
unexpected, it may be that this is the rule rather than the exception. 
Both in vivo and in vitro experiments with the Leeds-1 and Leeds-2 
strains indicated significant differences between them.
Both in vivo and in vitro experiments were necessary because the lack 
of antigenic variation between ADV isolates, this is equally true for 
herpesviruses of other species, where it has proved essential to inves­
tigate biological properties, in order to differentiate and charac­
terise isolates effectively (Centifano et at, 1982). Virulence is the 
abilty of a virus to cause disease in the infected host, and it is a 
complex property, According to Mims and White (1984), "The virulence 
of a virus and the susceptibility/resistance of the host cannot be 
considered in isolation. It is their interaction that is relevant; 
avirulent viruses may be capable of causing serious disease or death if 
administered experimentally via an atypical route or as a very large 
dose".
Variations in the ability of strains to produce clinical disease have 
been studied in several herpesvirus, Centifano et al, (1982) using the 
rabbit as an experimental model, reported that the severity of the 
epithelial disease and the appearance and duration of the characteristic
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dendritic ulcers after ocular infection depended upon the strains of 
HSV-1 used for infection. Field and Wildy (1978) reported that mutant 
HSV strains lacking thymidine kinase activity (TK“) replicate poorly 
and induce a low level of latent infection in the sensory ganglia of 
experimental animals. It was suggested that the presence of viral 
thymidine kinase was related to the persistence of HSV in neurones. 
Because neurones are non-dividing cells, presumably with low levels of 
TK activity, exogenously supplied enzyme may be needed to facilitate 
viral replication by expanding the pool of phosphorylated thymidine 
derivatives. In a later experiment Tenser et al. (1983) reported that, 
like HSV a TK“ strain of ADV replicated very poorly in the trigeminal 
ganglion, although the replication rate in the tissues of the cornea 
was similar to the replication rate showed by TK**" strains. The mor­
tality rate also differed no clinical disease was produced by the TK~ 
strain, while the mice inoculated with a similar dose of a TK+ strain 
all died. It was concluded that TK expression is an important feature 
of herpesviruses which infect neurones. Experiments with TK“ strains 
of ADV have not yet been performed in pigs. It is probable that in 
both HSV and ADV, and perhaps in other infections caused by herpes­
viruses, that the outcome of the infection is determined by the inter­
actions of several factors, notably the genetic characteristics of the 
invading virus, the type and distribution of target cells in the host, 
and features of the host's immune response.
In order to attempt to correlate in vitro markers with virulence, it 
was thought advisable to conduct comparative studies with four ADV 
strains (Leeds-1, Leeds-2, Stanley and NIA-4). Although none of the in 
vitro markers used here for strain characterization could alone be 
considered an accurate predictor of strain virulence for pigs, the
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results provided useful data for the strain differentiation.
Sensitivity to trypsin and to heat were not related to strains patho­
genicity, but the trypsin inactivation curves were different between 
strains and the differences were statistically significant in some 
cases. It was of, some interest that the naturally attenuated strain 
NIA-4 was relatively heat stable, not previously reported although 
the strain has been studied extensively since its isolation, and even 
used in vaccination trials (McFerran 1981). The results were similar 
to those reported for the Bartha and SUCH, which were isolated in 
Hungary and Czechoslovakia respectively. Both are also naturally 
attenuated strains (Bartha et at. 1969; Golais and Sabo 1975).
Restriction endonuclease analysis of viral DNA is a most sensitive 
method for differentiation of strains of ADV (Raul et at. 1982). As 
with other viruses, studies of viral genetics have given interesting 
results which have improved the understanding of viral replication and 
other phenomena in vitro but very little new information about the 
virulence of the virus in the infected host. An example is influenza 
virus, although all the gene products have been identified, it has not 
been possible to associate virulence with any particular gene product 
(Rott 1979). In the case of ADV some attenuated strains have a deletion 
in the genome the Bam HI restriction fragment No 7 is smaller that in 
pathogenic strains and migrates further. The region of the genome 
where this detection occurs has been identified in the small unique 
region near the internal repeated sequence and it has been suggested 
that this region might include the genes responsible for virulence 
(Lomniczi et at. 1984). This single change in the Bam HI fragment 7 
should not, however, be considered as a marker for attenuation since 
the Leeds-2 strain which displays this small Bam HI fragment 7 was
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relatively avirulent for sows, but was virulent for small piglets.
In the series of strains analysed by Herrman et at. (1984) two of the
four attenuated live vaccines analysed showed Bam HI restriction 
fragment 7 of the same size as those of the virulent strains. It is 
interesting to note that those vaccine strains were artificially
attenuated (Toma 1982). The delection observed in the attenuated
strains Bartha and Norden (Lomniczi et at• 1984) and NIA.4 (Gielken and 
Berns 1982) might be related to pathogenicity but more studies would be 
required to elucidate this relationship between such a deletion and the 
virulence of particular strains.
The replication of ADV in cultured porcine alveolar macrophages 
provided a good in-vitro system from which inferences could be drawn 
concerning strain virulence. Both the rate of virus replication and 
the cell damage induced by the virus correlated with the virulence of 
the strains for pigs. Moreover, it is well known that macrophages are 
an important element in the induction of an immune response. The 
interaction of an infectious microorganism with macrophages is often 
directly linked to the pathogenicity of that microorganism for the 
infected host. Kantoch et at• (1963) reported that the PRl strain of 
mice were more susceptible to infection with Murine Herpes Virus (MHV) 
than the C3H strain, and this was attributed to the destruction of the 
PRl liver macrophages by the virus. The virus adsorbed to and pene­
trated macrophages in each strain of mouse, but was not uncoated in the 
resistant C3H macrophages. Mogensen (1979) reported that the age- 
dependent resistance of mice to HSV infection appeared to be closely 
correlated with the susceptibility of macrophages. Three week-old mice 
which are normally susceptible to the virus, became resistant when 
transfused with peritoneal macrophages from eight week-old mice.
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Conversely, eight week-old mice became susceptible when their macro­
phages had been damaged with silica. In a series of experiments similar 
to those reported here, Roberts (1964) showed that a virulent strain of 
ectromelia virus could be distinguished from an avirulent strain by its 
behaviour in macrophages. The virulent strain killed mice as a result 
of extensive replication in the liver, and this was made possible by 
productive infection of liver macrophages. The avirulent strain, in 
contrast, established infection in the liver macrophages only with 
difficulty and thus could not invade liver cells on a significant 
scale. The behaviour of the viruses in liver macrophages was paralleled 
by their behaviour in cultivated peritoneal macrophages. The role of 
the ADV- replication in macrophages and its consequences for the 
pathogenesis of the infection have not been investigated in detail but 
it is possible to draw some conclusions about the pathogenesis of the 
disease from the results obtained. These conclusions are presented 
later.
The capacity of the viruses to produce cell fusion ("Polykaryocytes" or 
"Syncytia") was another interesting difference between the Leeds-1 and 
Leeds-2 strains. This marker was not used for strain characterization 
because it is a variable, difficult to quantify accurately. The detec­
tion of this difference was the first indication that there were two 
populations of virus within the original field isolate, and the subse­
quently proved to be the case. There is some evidence that the ability 
to produce syncytia is associated with virulence, and this is derived 
from observations that non-virulent strains do not produce as many or 
as large syncytia as virulent strains (Bartha, 1961; Bitsch, 1980;
Bund, 1983; Harkness and Sands, 1985). Such markers, however, cannot 
be considered satisfactory indication of virulence, until the mechanisms 
of cell-fusion are clearly defined and related to the pathogenicity of
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a particular strain.
For some viruses the ability to produce multinucleated cells by membrane 
fusion has been associated with fusion-inducing factors, which are some­
times present in inactivated or disrupted virions. Acccording to 
Mertz et at, (1980) the paramyxoviruses contain a glycoprotein that is 
responsible for syncytium formation and is necessary for direct cell- 
to-cell spread of these viruses. Viruses in which such fusion-inducing 
factors are associated with the virus particle are able to produce 
polykaryocytes without entering the cell. This phenomenon has been 
called "early" polykaryocytosis (Hosaka and Koshi 1968). Early 
polykaryocytosis has not been reported for ADV; it is therefore 
believed that the modification of the cell surface which results in 
fusion are a consequence of virus replication. Poste (1970) suggested 
the existance of a virus-induced protein which acts as a 'fusion 
factor1 for viruses which do not induce "early" polykarocytosis, but 
there is as yet no evidence that virus-coded proteins are responsible 
for cell-fusion. Besides early proteins, other products of viral gene 
action and replication might be responsible for causing cell-fusion. 
These include viral structural proteins, antigenic subunits, and factors 
which can arrest cellular nucleic acid and protein synthesis (Poste 
1970).
Ludwig et at, (1974) prevented ADV-induced polykaryocytosis by treating 
cells with 2-Deoxy-D-Glucosa (DOG), or convalescent pig serum, or 
Concanavalin A (Con A). Hyperimmune serum raised against the struc­
tural proteins of the virus did not prevent cell-fusion. The authors 
concluded that a glycoprotein was involved in the process of cell- 
fusion because DOG affects glycoprotein synthesis. This glycoprotein 
was not a structural antigen because cell-fusion was prevented by
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convalescent serum but not by hyperimmune serum and no correlation was 
found between fusion-inhibiting activity and the virus neutralizing 
activity of the serum. The mechanisms by which Con A or antibodies 
block fusion may be identical. Either agent could act by steric 
hindrance of the cell to cell contact.
The variation between strains is probably due to different rates of 
synthesis of such glycoproteins. Differences in syncytium formation 
between strains cultured on the same cell substrate can be considered 
a reliable criterion for differentiation.
Studies on the Virulence of Leeds-1 and Leeds-2 strains.
According to Smith (1972), in attempting to understand the mechanisms 
responsible for the pathological effects of virus disease a number of 
questions must be answered. The pathological effects; which are 
specific to virus-induced damage, rather than non-specific responses to 
general injury, must be identified. Also it is important to identify 
the cells which are damaged by virus replication and the means by which 
the damage is produced. Finally, the question of whether the specific 
pathological effects can be explained on the basis of this damage has 
to be considered.
Each one of the experiments reported here provided information about 
the pathogenesis of ADV infection with particular reference to the 
Leeds-1 and Leeds-2 strains. The results obtained, together with 
results previously reported by other authors, help to answer some of 
the questions stated above.
ADV has the ability to replicate in a wide variety of cells. In vivo 
experiments have shown that it replicates in epithelial, lymphoid and 
nervous tissues (Narita et al3 1984; McCracken and Dow, 1973). Two
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types of cell damage occur: (i) Virus induced cytotoxic activity, and 
(ii) immunological response of the host to virus-infected cells. The 
cytotoxic activity produced by ADV may be due to the shutdown of 
cellular macromolecular synthesis, which is a common event in other 
herpesvirus-infected cells (Hamada and Kaplan, 1965), or to the direct 
effect of massive virus replication. The cell damage produced by 
immune responses results from the activity of lymphoid cells sensitized 
to viral antigens. . Sensitized cells can be cytotoxic and may damage 
cells bearing viral antigens at their surface. Other activities of 
sensitized cells include the production of soluble factors which 
directly influence macrophages or lymphocytes, enhancing their pha­
gocytic or cytotoxic activities. A few days after infection, specific 
antibodies are formed which are directed mainly against antigens 
expressed on the cell surface. Such antibody may destroy an infected 
cell if it is capable of fixing complement. Destruction of virus-
infected cells may also result from cells and antibodies without the
>
intervention of complement, by a phenomenon similar to that observed n^ 
vitro: named Antibody Dependent Cellular Cytotoxicity (-ADCC). Pigs 
infected experimentally showed IgG-mediated ADCC, and mononuclear and 
polymorphonuclear cells were able to act as effector cells.
The histopathological lesions usually reported in cases of ADV support 
the view that an intense immunological reaction is taking place. 
Perivascular infiltration of cells, gliosis and neuronophagia are all 
indications of this. Whether caused by the virus itself or by the 
immune response, the damage to the central nervous system undoubtedly 
explains the specific clinical effects characteristic of the disease 
including the severe depression and incoordination. The severity 
of the disease therefore depends upon the extent of virus replication 
in the central nervous system.
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In the experiments on the Leeds isolates the virulence for older pigs 
of the Leeds-2 strain was minimal when compared to that of the Leeds-1 
strain but the Leeds-2 strain was lethal for young piglets which were 
poorly protected by maternal antibody and infected by their mothers as 
neonates. However, the observed low virulence of Leeds-2 is not due 
only to genetic factors in the virus. It is well known that non- 
specific defenses against virus infection are stronger in adults than 
in young hosts (Hirsch et at. 1970). Equally important is the dose- 
response effect. In the group of sows infected with Leeds-2, the sow 
infected with a high dose of virus developed an acute disease indistin­
guishable from the syndrome recorded in sows infected with Leeds-1. 
According to Smith (1972), viral pathogenicity depends not only on the 
strength of the host defenses and the capacity of the microorganisms 
to counteract them, but also on the number of invading organisms. A 
sufficiently large dose can overwhelm the initial defenses of a suscep­
tible host and cause damage before the inducible defenses can be acti­
vated.
The significant differences observed in the in vitro experiments 
between the ability of the virus strains to replicate in macrophages 
could account for the differences in virulence for pigs. ADV enters 
the host via the respiratory tract. Primary sites of virus replication 
are regional epithelial and lymphoid cells. After an initial burst of 
replication the spread to more distant target organs begins. The three 
major pathways of spread are neural, the circulatory system and the 
lymphatic system. Clearly a virus which is able to replicate success­
fully in macrophages is better able to spread after the initial cycle 
of replication to distant organs. The spread of virus by neural path­
ways occurs after infection of the olfactory nerve, the glassopharyngeal 
nerve, or the trigeminal nerve (McFerran and Dow 1965) but the spread
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of virus via bloodstream or lymphatics is usually cell-associated 
(Wittmann et at. 1980). The virus which replicates slowly in macro­
phages in vitro probably does not replicate in macrophages in vivo 
because the role of the infected macrophages changes radically at the 
start of the immune response. As for any infected cell, it is suscep­
tible to the action of T-cytotoxic lymphocytes; secondly the macro­
phages themselves may become activated by the action of lymphokines 
(Onions, 1983), and no longer support virus replication, inactivating 
the virus.
An increased amount of infectious virus reaching the CNS is just one 
of several determinant factor in virulence. As mentioned above the 
existence of enzymes which favor the replication of virus in neurons 
might also be an important factor. Further studies incorporating more 
ADV strains are required to investigate both the correlation between 
virulence and virus replication in macrophages and in vivo experiments 
with TK” strains, before considering which one of these mechanisms is 
more important in determining virulence for pigs.
Conclusions and Final remarks.
1. In a single outbreak of disease more than one strain of ADV may be 
circulating which although serologically identical may vary in 
pathogenicity.
2. Transplacental infection in sows infected with british strains of 
ADV is a rare event but neonatal infection is probably quite common. 
The product of this depends on maternal protection and strain 
pathogenicity.
3. Passively protected piglets may become subclinically infected and 
act as a reservoir for further outbreaks of disease.
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4. Restriction enzyme analysis of viral DNA could provide clear
means of strain differentiation while replication in macrophages 
may be a suitable test for virulence studies.
Further studies should determine the prevalence of low virulence 
strains, which produce reproductive failure in the absence of the 
classical signs of ADV infection. Additionally, it would be beneficial 
to investigate methods of boosting the immune response in sows infected 
with such strains, in order to improve colostral protection. Since 
immunological methods are the best way of detecting clinically-healthy 
virus-carriers, the deployment of antibody detection methods which are 
sensitive and simple to perform should therefore be encouraged as an 
aid to control programmes in the field.
All the ADV strains lie within a virulence spectrum in which the 
extremes are occupied by non-virulent and highly virulent strains. The 
apparent position of a strain within the spectrum is influenced by 
three important variables, namely pathogenicity of the virus strain, 
dose and susceptibility of the host used in experimental work. The 
virulence of a particular strain can only be determined after standar­
dization of these three variables and by comparison with other strains.
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Fig. 8.1 Diagramatic illustration of the possible outcomes 
of ADV infection in pregnant swine
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APPENDIX
Section A. Additional tables.
Table 3.1 IgG ELISA values in seronegative animals
Animal Date Value
R33 5.3.82 106
2931 10.6 197
2383 25.7 142
583 13.6 126
384 12.8 98
369 23.7 139
Pig P. sow 22.9 63
308 21.7 137
311 21.7 102
806 9.12 35
385 3.8 38
386 3.8 54
390 3.8 46
391 3.8 84
676 30.9 38
392 19.8 114
2539 27.6 96
583 5.7 109
366 5.8 148
362 5.8 149
308 23.7 72
R33 2.3 110
R32 5.3 108
366 3.8 99
362 3.8 72
367 3.8 86
369 12.7 74
384 12.7 72
369 26.8 102
384 26.8 42
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Table 3.2 IgM ELISA values in seronegative animals
Animal Date Value
760 13.12.83 53
806 9.12 49
468 9.12 42
602 31.10 105
676 30.9 68
385 3.8 43
386 3.8 102
390 3.8 99
391 3.8 113
389 19.8 48
392 19.8 41
387 9.8 58
T133 22.9 67
369 5.8 120
583 13.6 68
2539 27.6 82
2931 10.6 88
369 5.8 129
2383 25.7 117
R32 2.3 71
R33 2.3 86
R34 2.3 69
R36 2.3 60
366 3.8 84
362 3.8 90
367 3.8 73
308 23.7 79
366 5.8 102
362 5.8 91
384 12.8 108
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Table 3.3 Evaluation of the humoral response in pigs
intranasally infected with-ADV.
Days after 
infection 0 3 7 12 21 28
SNT
42 56
*
59 65 72 79
362 <2 <2 <2 64 128 32 6 8 64 64 128 64
366 <2 <2 <2 64 64 32 32 16 ND 128 64 64
367 <2 <2 <2 32 64 128 64 8 ND 64 32 32
369** <2 <2 <2 <2 <2 <2 <2 <2 ND ND ND ND
384** <2 <2 <2 <2 <2 <2 <2 <2 <2 ND ND ND
Days after 
infection 0 3 7 12 21 28
IgG
42 56 59 65 72 79
362 93 80 213 530 689 826 769 719 792 842 830 747
366 76 62 186 582 674 762 672 645 740 778 816 720
367 102 97 204 624 659 698 575 571 688 714 802 693
369 68 87 74 109 102 92 77 116 ND ND ND ND
384 79 98 94 86 42 106 81 95 ND ND ND ND
Days after 
infection 0 3 7 12 21 28
IgM
42 56 59 65 72 79
362 81 98 694 940 762 543 150 131 118 104 99 72
366 96 86 595 874 643 504 126 112 60 132 113 118
367 75 74 788 808 524 468 102 93 89 118 106 95
369 68 70 95 89 104 68 112 97 ND ND ND ND
384 84 89 101 62 73 93 74 106 122 ND ND ND
ND = Not done
* Animals challenged at 56 days
** Pigs 369 and 384 were non-infected controls.
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Table uympnocyte transrormation in a d v  inrected pigs
Antigen concentration and incubation time determination.
Days after infection : 7
ASSAY No 1 Incubation time : 3 days for ag. 1:20,1:200
' and PHA
4 days for ag. 1:160
Antigen dilution
Animal 1:20 1:200 1:160 PHA
362 1.66** 0.96 1.91 35.3
366 1.47 1.35 0.38 26.8
367 1.12 1.24 2.14 153
369* 1.08 0.76 0.65 134
384* 1.92 1.19 1.52 4.5
Days after infection : 12
ASSAY No 2 Incubation time : 5 days for 1:40 and 1:200
3 days for PHA
Antigen dilution
Animal 1:40 1:200 PHA
362 0.86 0.94 6.7
366 3.48 1.27 114
367 0.94 1.46 89
369* 2.16 0.71 18
384* 0.80 1.36 86
Days after infection : 21
ASSAY No 3 Incubation time : 3 days for 1:80 and 1:160
6 days for 1:20
3 days for PHA
Antigen dilution
Animal 1:80 1:160 1:120 PHA
362 1.96 0.67 3.02 5.3
366 6.82 2.54 1.86 2.4
367 2.13 1.46 2.21 6.1
369* 1.07 0.82 2.10 11.3
384* NT 1.75 1.59 NT
Days after infection : 28
ASSAY No 4 Incubation time : 3 days for 1:40 and PHA
5 days for 1:80
Antigen dilution
Animal 1:40 1:80 PHA
362 1.87 2.21 16
366 1.48 2.04 7.6
367 3.18 0.90 37
369* 2.61 0.65 9.1
384* 0.72 1.47 12
Days after infection : 65
ASSAY No 5 Incubation time : 3 days for PHA
5 days for 1:40
Antigen dilution
Animal 1:40 PHA
362 0.32 3.2
366 1.18 11
367 2,63 6.2
* 369 & 384 non infected controls
** Stimulation index.
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Table 3,5 Evaluation of the humoral response in pigs
intranasally infected with Aujeszky's disease virus
Serum neutralisation titre
Days after infecl:ion
Animal 0 7 12 14 21 28 35 42 48
385 <2 5 dead
386 <2 8 dead
367 <2 6 dead
391 <2 <2 2.5 44.7 455.3 128.6 455 512 643
389 <2 <2 <2 12.4 361 723 600
392 <2 4 dead
ELISA values for anti IgM test
385 42 308 dead
386 102 280 dead
390 99 216 dead
391 113 136 254 256 275 204 57 161 115
389 47 107 127 170 385 217 119
392 72 228 dead
ELISA values for anti IgG test
385 38 106 dead
386 54 146 dead
390 46 115 dead
391 84 123 113 313 799 1030 1023 1180 1271
389 79 50 205 107 1045 1305 1377
392 62 343 dead
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Table 3.6 ADCC values in experimental infected animals 
after different times of incubation.
Sample Sera
Dilution
Incubation Time (Hours)
2.5 3.5 17.0
362 14.10 1:20 12 28 31
366 16.9 1:20 22 69 87
367 8.10 1:20 9 46 49
362 8.10 1:50 16 38 45
362 17.8 1:50 14 30 36
*369 16.9 1:20 5 6.5 4
*384 16.9 1:20 7 5 4
Sample Sera
Dilution
Incubation Time (Hours)
3 5.0 16.0
362 17.8 1:30 13 24 27
362 26.8 1:30 16 23 23
366 26.8 1:30 12 27 33
367 2.9 1:50 15 25 27
367 16.9 1:50 N.T. 32 33
367 10.9 1:20 N.T. 33 31
*369 8.8 1:30 4.5 6 1
*384 8.8 1:30 3 5 6.5
* Non-infected controls
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Table 3.7 ADCC values at several sera dilutions
Sample 1:10 1:20
Sera dil 
1:40
.utions
1:80 1:160 1:320
362 17.8 50 83 67 66 61 43
367 17.8 69 58 61 62 61 50
362 20.9 55 60 58 67 66 71
366 8.10 73 54 50 61 66 69
366 30.9 57 55 50 59 57 52
367 8.10 65 70 68 69 70 64
Mean+S.D. 61.5+8.8 63+11 59+8 64+8 63+4.6 58+11
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Table 3.8 ADCC values at several effector:target cells ratio
SNT Effector:target ratio
Sample titre 100:1 80:1 60:1 30:1 20:1 10:1
362 2.9 32 64 59 62 40 35 11
366 2.9 32 70 68 59 33 22 28
362 16.9 32 58 65 51 39 38 26
367 17.8 32 55 48 48 44 27 10
362 16.9 16 52 77 40 30 25
366 30.9 16 67 70 53 41 33 22
Mean+S.D. 61.+7.0 64.5+10 52+5.2 30+6.2 30+6.2 19+7.6
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Table 3.9 ADCC values with different effector cells
ASSAY No 1
Effector cells(EC) Leucocytes Lymphocytes
ratio of EC to one
target cell 60 48 36 18 60 48 36 18
Sample No.
1 100 77 39 17 36 14 9 7
2 75 62 32 9 48 18 13 8
3 66 66 52 26 23 13 9 5
ASSAY No 2
Effector cells(EC) Leucocytes Monocytes Polymorpho-
ratio of EC to one nuclears
target cell 100 80 60 30 100 80 60 30 100 80 60 30
Sample No*
2 92 89 58 34 100 63 66 46 135 113 121 104
4 83 51 33 22 95 86 61 51 110 107 103 92
7 87 69 46 29 74 61 52 40 118 112 105 98
Effector cells(EC) Leucocytes
r
Polymorphonuclear Lymphocytes
Ratio of EC to one
target cell 100 80 60 30 100 80 60 30 100 80 60 30
Sample No.
2 42 35 30 16 67 64 56 50 37 28 11 13
5 54 48 32 17 58 51 38 32 29 21 12 5
7 38 27 18 9 51 46 33 29 24 16 9 7
ASSAY No 4
Effector cells(EC) Leucoctes Monocytes Polymorpho-
ratio of EC to one nuclears
target cell 100 80 60 30 100 80 60 30 80 60 30 15
Sample No.
6 92 89 58 34 95 86 61 51 93 94 52 46
7 83 51 33 22 74 70 45 38 NT 98 63 58
8 80 72 49 45 79 76 54 16 105 86 72 50
NT = Not tested
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Table 3.10 ADCC values (%) in seronegative animals
Animal Date Sera
Dilution
ADCC (%) 
value
R33 5.3.83 1:30 7.0
308 23.7 1:30 1
312 23.8 1:30 10.0
312 27.8 1:30 1.1
369 27.7 1:30 1
309 23.7 1:30 2.8
01 5.7 1:5 7.0
02 5.7 1:5 6.5
03 5.7 1:5 6.3
583 5.7 1:5 5.7
367 5.8 1:50 3.8
308 23.7 1:50 3.9
312 27.8 1:50 6.0
366 5.8 1:50 4.6
384 8.9 1:50 6.7
386 3.8 1:50 1
390 3.8 1:50 1.5
391 3.8 1:50 2.0
X = 4.1
S.D. = 2.9
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Table 3,11 ADCC values in experimentally infected pigs
r ■ Sera
Days afterinoculation Dilution
Animal 7 12 14 19 21 26 28 35 42
391 0 3.2 28 48 66 34 34 46 43
389 5.9 10.6 5.6 ND 64 ND 57 25 62 1:50
391 ND 17 13.6 23 20 27.5 31 24 30
389 ND 10 14 ND 25 - 29 35 19 1:400
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Table 6.1
Sow, 2931
Intranasally infected at 85 days of gestation of ADV 
Leeds-1
Hysterectomy on 7.9.83 
9 piglets alive, 1 mummified piglet.
Piglet
No.
Crown-anus 
length (mm)
Weight
(8)
Age at 
examination 
(hours)
LvmDh 
node
VII
H0DCO
H*
H*
IUS
OQ
:sol^
fH*
<CD
IT 101 
oCD
CDO'
|
_ 
Cerebellum
31 337 1630 0
32 294 1110 0 - - - - - -
33 301 1420 0 -
34 307 1605 0
35 299 1370 0 - - - - - -
37 279 1230 24
39 279 1000 24
36 294 1450 120
38 279 990 120
Mummified 296 965 N.A. ND — — — . ND ND
Note: All the tissues of piglets 31,32,33 and 34 were examined 
by F.A.T. and the results were also negative
N.A. = Not applicable 
ND = Not done
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Table 6.2
Sow 2539
Intranasally infected at 85 days of gestation
Farrowed on 11.9.83
11 piglets, 2 mummified fetuses
7 piglets and 2 mummified fetuses were examined
after birth and tissues were collected for virus
isolation.
Piglet
No.
Crown-anus 
length (mm)
Lymph 
node
/IRUS
i-3
o
3COH*
I-*
LS0LAT1
r
OQ
[ON
tr*H*
<a>
3
Cerebrum
Cerebellum
01 275 - - -
02 250 — -
03 254 - - -
04 256 - - - - ND ND
05 261 - - - - -
06 241 - - - -
07 215 - - - -
Mummified 243 - - x* T
Mummified 230 - - T T
Age at examination
(hours)
410 24 - - - . - - -
407 48 - - - - -
408 72 - - - - - -
*T = Toxic 
ND = not done
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Table 6.3
Sow 2383
Infected at 100 days of gestation with ADV Leeds-1
Farrowed on 3.10.83
14 alive piglets and 1 stillbirth
Virus isolation from colostrum deprived piglets
Piglet
Identification
Retropharyngeal
 
lymph 
node
Submaxillary
 
lymph 
node
Tonsil
Lung
Liver
Cerebrum
o
%a>o*CD
Piglet a - - - - - - -
Piglet b - . - - - — - -
Piglet c ■ - - - - - . -
Stillbirth (d) - - - - - - -
Piglet
Ident if ication
Age at 
examination 
(hrs.)
201 72 - - - -
202 72 - - -
211 48 - - - -
206 72 - - -
Nasal and pharyngeal swabs were collected from this 
litter at 3, 10, 24 and 30 days all were negative.
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Table 6.4
Sow 676
Intranasally infected at 85 days of gestation with 
ADV Leeds-1
Hysterectomy on 26.10.83
VIRUS ISOLATION
Piglet
No.
Body
weight
(g)
Crown-
anus
length
(mm)
Pharyngeal 
swabs 
collected 
immediately 
after birth
Age at 
examina­
tion 
(days)
Tj
tr*<<
’o
3^ *o
aa>
Issue
0 
301 H*
H
is cc 
at ]
tr*
OP
)llec
P.M.
fH*
<a>
3
:ted
o(D
3(0o'
3
0 a>
3 (0 • o'
CDH
1
3 770 246 - 0 - - - - - -
5 470 216 - 0
7 730 256 - 0 -
10 900 272 - o
12 880 255 0 -
1 1000 280 3 - - - - -
2 1070 286 - 3
4 1170 291 - 7 -
6 1010 250 - 7 -
8 1040 275 - 7
11 1200 297 - 3
13 920 246 - 7
14 1220 286 - 3 -
15 1060 262 - 3
There were 3 mummified fetuses in this litter. Age determination 
by X ray examination revealed that two of them were already dead 
at the time of infection. The third one died at approximately 
100 days of gestation (ie. 15 days after infection).
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Table 6.5
Sow 927
Intranasally infected at 85 days of gestation with 
ADV Leeds-1. At four days after infection the sow 
lost interest in food. She was without eating for six 
days. On day ten after infection she was found dead. 
The piglets were collected from the uterus at post 
mortem examination.
Piglet No.
1
2
3
4
5
6
7
8 
9
10
11
12
13
14
Lymph node
Virus isolation from organs
Tonsil Lung Liver
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Table 6.6
Sow 501
Intranasally infected at 85 days of gestation with 
ADV Leeds-1 
Farrowed on 30.11.83
Piglet
No.
Body
weight
(8)
Crown-
anus
length
(mm)
VIRUS ISOLATION
Pharyngeal 
swabs 
collected 
immediately 
after birth
Tissues 
Age at 
examina­
tion 
(days)
wr-tr-Ho 
Lymph 
node
<u•Uy 
Tonsil
1 at
]Q
33•
Liver
Cerebrum
Cerebellum
11 1200 260 Negative
12 950 243 Negative
13 900 232 Cont.** 0 - - - - -
14 9650 215 Cont. 0
15* 850 244 Negative 9
16* 11063 243 Negative 9
17* 11077 245 Cont. 3 -
18 11148 263 Negative 1 - - - - - -
19* 11020 250 Cont. 2
20 11200 246 Negative
* Piglets 15,16,17 and 19 were artificially reared and their 
only contact with the sow was at the time of birth.
Piglets 15 and 16 were killed and examined on day 9 because 
they looked healthy and although the virus isolation was 
negative, both animals showed a positive response to specific 
IgM ELISA test.
** Contaminated.
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Table 6.7
Sow 602
Intranasally infected at 85 days of gestation with 
ADV Leeds-2.
Farrowed on 28.11.83 
Litter: 8 munraiified fetuses
Fetus No. Crown-anus 
length (mm)
Weight(g) Virus isolation 
from liver
F.A.T. in 
liver
1 245 680 Negative +
2 240 538 Negative +
3 235 482 Negative +
4 240 808 Toxic Negative
5 233 553 Negative +
6 237 624 Toxic +
7 220 553 Toxic +
8 220 539 Negative +
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Table 6.8
Sow 760
Intranasally infected at 85 days of gestation 
Farrowed on 10.1.84
Piglet
No.
Age at 
examination 
(days)
Retropharyngeal
 
lymph 
node
Submaxillar
 
lymph 
node
Tonsil
Lung
Liver
Cerebrum
Cerebellum
44 6 - - - - - - -
46 9 - - - - - -
47 10 - - - - -
45 14 + + + - - + +
42 14 + + + - + + +
43 20 + + + - - + +
41 21 + + + + +
Piglets 44 and 46 were artificially reared both of them 
died with no clinical signs but a blood sample collected 
from piglet 46 at 7 days of age showed specific antibody.
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Table 6.9
Sow 806
Intranasally infected with ADV Leeds-2 at 86 days 
of gestation.
Hysterectomy on 19.12.83 (ten days before term)
Piglet
No.
1
4
8
10
t-*■ u i<< c
3 o' 
*3 3
n0 H
a m
® fj
f  *0 S3 
tr (D 
3  5) ct
o 
3 i
3 OPo a>
p i  3  
(t> H *
o
3
to
H*
tr*H*
<a>
3
cn*0M<D
O
3
a0)
3a>
o'
3
a
a>
3a>
o'a>M
M
c
3
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Table 6.10
Sow 183
Intranasally infected with ADV Leeds-2 at 86 days 
of gestation and killed in extremis 12 days after 
infection.
Piglet
No.
Lymph 
node
Tonsil
Lung
Liver
Cerebellum
Cerebrum
3
4 
8 
9
-
-
tox
tox
ND ND
11 - - -
12 - - - -
14 - - - - -
15 - - - -
16 - - - - - -
285
Table 6.11
Sow 468
Intranasally infected with ADV Leeds-2 at 85 days of 
gestation
Farrowed on 5.1.84.
Piglet
No.
Crown-Annus 
Length 
(mm)
Weight
(g)
Age at 
examina­
tion 
(days)
Submaxillar
 
Lymph 
node
Retropharyngeal
 
Lvmoh 
node
Tonsil
Lung
Liver
Cerebrum
Cerebellum
33 262 1400 0 - - - - - - - -
38 280 1400 0 - - - - -  . - -
39 220 800 0 - - - - . - -
34 270 1300 4 + + + + + + +
31 245 1075 5 + + + + + + +
32 243 1150 5 + - + - - + +
35 283 1550 5 - + + - + + +
36 287 1500 6 - - + + + + +
37 255 1400 6 + + + ■ — — + +
Piglets 33, 38 and 39 slaughtered before contact with the sow.
Piglets 34, 32 and 36 found dead.
Piglets 31, 35 and 37 killed in extremis.
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Table 6.12
Sow 450
Intranasally infected at 85 days of gestation 
Farrowed on 17.3.84
Piglet
No.
Weight
(g)
Crown-Annus 
Length 
(mm)
Age at 
examina­
tion 
(days)
S
u
b
m
a
x
.
Lymph 
node
R
e
t
r
o
.
Lymph 
node
Tonsil
Lung
Liver
Cerebrum
Cerebelluni
50 1150 230 7 + + + + + + +
51 1500 260 14 - - - - - - -
52 1700 255 14 - - - - - - -
53 1300 250 6 + + + + + + +
54 1400 245 7 + + + + + + +
55 1500 265 7 + + + + + + +
56 1050 235 0 - - - - - - -
Piglets 51 and 52 were artificially reared and their only contact 
with the sow was at birth.
Piglets 50 and 54 killed in extremis.
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Table 6,13 ADV transmission from infected sows to the litter 
I. Virus antigen detection by the fluorescent 
antibody test.
Sows Piglets
Identification
Tissues tested Total No. 
of tissues
Result
2931 31
32
33
34
35
1 mummified*
Submaxillar lymph 
node, tonsil, lung, 
liver, cerebrum 
and cerebellum
30 Negative
2539 01
02
03
04
05
06 
07
2 mummified*
Submaxillar lymph 
node, lung, liver 
and tonsil. 28 Negative
927 1, 2, 3, 4, 
5, 6, 7, 8, 
9, 10, 11, 
12, 13, 14
Tonsil, lung and 
liver 42 Negative
676 3, 5, 7,
10, 12
1 mummified*
Retropharyngeal, 
lymph node, 
submaxillar, lymph 
node, tonsil, lung, 
liver, cerebrum and 
cerebellum
35 Negative
2383 a , b, c, d Submaxillar lymph 
node, tonsil, lung, 
liver, cerebrum, 
cerebellum
24 Negative
468 33, 38, 39 Retropharyngeal lymph 
node, tonsil, lung 
liver, cerebrum, 
cerebellum.
18 Negative
806 1, 4, 8, 10 Submaxillar lymph 
node, lung, liver, 
cerebrum, cerebellum
20 Negative
183 14, 15, 16 Submaxillar, lymph 
node, tonsil, lung 
liver, cerebrum, 
cerebellum
24 Negative
450 56
602 1, 2, 3, 4, 
5, 6, 7, 8 Liver 8 Positive
* Only liver was collected for FAT from the mummified fetuses. 
Total of negative samples : 225 from 46 piglets and 4 mummies
288
Table 6.14
Lymphocytes transformation in colostrum mononuclear 
cells.
Counts per minute in ^H-Thymidine labelled 
cultures stimulated with ADV antigen or Pha.
Sow No. Control Ag. ADV Antigen Pha.
503 224 694 (3.1)* 672 (3.0)
599 279 747 (1.7) 725 (2.6)
1539 7459 10342 (1.3) 7724 (1.0)
2383 15245 27155 (1.7) 28312 (1.8)
602 6788 15527 (2.2) 23748 (3.5)
501 16397 17577 (1.0) 111556 (6.9)
( )* Stimulation index = c p m in stimulated cells
cp m in unstimulated cells
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Table 6.15 SNT titres in litters born to sows naturally
infected with ADV.
SOW
No.
Weeks aiEter farrowing
1 2 3 4 5 6 7 8 9 10 11 12
570 169(4)* 32(20) 11 6 8.5 4.8 7.0
503 111(3) 96(14) 26 8.6 3.0 4.4 3.6 3.2
702 185(2) 42(18) 16 7.3 11 7.6 8.0
559 128(3) 69(10) 32 38 5.6 5.3 3.6 4.4
* days when the blood sample was collected
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APPENDIX Sec. B.
Media and Reagents.
1. Minimal Essential Medium MEM (Eagle) 10X
Gibco Europe Cat.No. 042-15B1
2. RPMI 1640 10X Gibco Europe Cat.No. 092-2511
3. Phosphate buffered Saline PBS pH 7.4
Na Cl 8.0 g
K Cl 0.2 g
Na2 HPO4 2H20
0.2% phenol red 5.0 ml
K2 PO4 0.2 g
Mg CL2 6H20 0.1 g
CaCl2 6H20 0.1 g
Deionised H20 to 100 ml.
4. Hank's salts solution.
Sol. A
Na Cl 8.0 g
K Cl 0.2 g
Mg SO4 7H20 0.2 g
CaCl2 2H20 0.18g
0.2% phenol red 5.0 ml 
Deionised H20 to 200 ml.
Check pH = 5.6 and adjust 
Sol. B
Na2 HPO4 0.06 g
KH2 PO4 0.06 g
Glucose 1.0 g
Yeastolate 0.1 g
Deionised water up to 100 ml 
Check pH 0 6.6 and adjust
For use add A to B and Na HCO3 at 0.0375% final concentration. 
Lactalbumin hydrolysate and antibiotics may be added if required 
before making up to 1000 ml with deionised water.
5. Antibiotic Trypsin Versene 10 X
Na Cl 80 g
K Cl 4 g
Glucose 10 g
Trypsin 5 g
Versene (EDTA) 2 g
0.2% phenol red 10 ml
7.5% Sodium bicarb 77 ml 
Deionised water to 1000 ml
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6. Tryptose phosphate broth TPB
Tryptose (Difco cat.No. 0060-01-6) 29.5 g
Deionised water up to 1000 ml
7. Antibiotics Solution (concentration per ml)
Antibiotics 5 ml
Penicillin 
Streptomycin 
Mycostatin
For use 1 ml of antibiotics solution for each 200 ml of medium was 
required.
20000 I.U.
20.0 mg 
4000 I.U.
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